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FOREWORD

Skylab exceeded all carly expectations by being manned for 28, 59, and
84 days respectively, a full 3] days longer than planned. Even today, more than
three vears since its launch, people around the world are only a small part
of the way through cvaluating all the data that were returned from this
sophisticated space endeavor. Scientists will continue gleaning knowledge for
years lo come, even as Skylah goes on orbiting the Earth, spent but having more
than fulfilled its purpose.

Over the years, Skylab evolved in the wake of the lunar landing program.
In early 1970 the configuration had solidified, based on conversion of the
S-IVB stage of the Apollo launch vehicle, Now came the operational fine
tuning to turn concept into realitv. How do You compress the most out of the
vehicle into each working day? What kind of give and take between ground
ard crew will optimize performaice and value of the lights?

All was ready by May of 1973, Skylab 1 was launched on 14 May and
within seconds the mecteorojd shicld was lost; NASA faced its biggest and
most expensive problem thus far in the manned flight program. But Mercury,
Gemini, and Apollo had conditioned the team for the rigors of a quick
solution. The ten days between the. Skylab 1 and 2 launches were perhaps
NASA’s “finest hours.” Plans were formulated, priorities for solutions were
established, and repair cquipment was designed, while the ground controllers
kept Skylab 1 alive. The newly designed cquipment was mocked-up, tested,
and turned into flight hardware almost overnight. These efforts were successful
hecause of the dedication and teamwork of thousands of NASA and contractor
personnel. By the end of the Skylab program in February 1974, all scheduled
flight objectives of the Skylab program had been accomplished, plus other
objectives added as the program progressed.

This chronology relates only the beginning; the best is yet to come from
Skylab.

Charles Conrad, Jr.
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THE KEY EVENTS

1961

56 Janua:y: McDonnell Aircra®t Corporation proposed a one-man space station consisting of a

Mercury spacecraft and a cylindrical space laboratory capable of a 14-day mission in a
shirt-sleeve environment.

1962

April: MSC designers and planners prepared a preliminary document that outlined areas of
investigation for a Space station.

17 October: Joseph F. Shea, OMSF, solicited suggestions from each of t e NASA Hq Program
Offices and the NASA Centers on potential uses and requirements for a manned space

station. Such ideas, he said, would help determine whether adequate justification existed for
such a space laboratory.

1963

1 June: MSC announced two space station study contracts for a 24-man orbital laboratory to be
designed for a useful orbital lifetime of five years.

1965

6~10 August: NASA's Associate Administrator for Manned Space Flight advised Center Direc-
tors of establishment of a Saturn/Apollo Applications Office within OMSF,

29 August: MSFC designers began serious investigation of an S-IVB Orbial Workshop involv-
ing in-orbit conversion of a spent S-1VB stage 1o a habitable shelter for extended manned
utilization.

10 September: The Apollo Extension System was redesignated the Apollo Applications Program,

13 September: MSC, MSFC, and KSC were officially informed of the changed guidelines for "‘
Center management roles.

1966

28 January: Potential benefits of the Apollo Applications Program were summarized by George
E. Mueller.

; E IS 5
January: Douglas Aircraft Company submitted a summary report to LaRC covering the ac- DRIGINAL PAG .;

tivities of three phases of the Manned Orbital Research Laboratory conducted from June DE POOR QUAL“Y
1963 ¢o February 1966,

. .
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21 Muarch: The Manned Space Flight Experiments Board was created by agreement between
NASA and the Department of Defense.

I April: MSC presented a request for proposals to Douglas, Grumman, and McDonnell for
definition studies on the Saturn S-IVB spent-stage experiment support module (SSESM).

6 May: Astronauts voiced concern over the purposes and proposed work statement for the
SSESM, noting a number of operational and safety concerns connected with purging the
stage’s hydrogen tank to create a habizable structuce in space.

11 July: NASA Hq officiais made several significant AAP decisions concerning the rolss of
MSFC and MSC.

25 July: The Orbital Workshop was approved as an experiment for flight on AS-209.

26 July: Full responsibility for AAP missions was assigned to the Office of Manned Space
Flight, NASA Hq.

13-15 August: Agreement was reached on the respective roles of MSC and MSFC in develop-
ment and eperations of future manned space flight hardware.

19 August: NASA announce selection of McDonnell to manufacture the airlock module for
AAP,

30 December: Mission objectives for AAP-1 and AAP-2 flights were outlined by NASA Hq.

1967

26 January: NASA announced plans to use a cluster contiguration for AAP flights.

26 July: NASA selected Martin Marietta Corporation as contractor for payioad integration of
experiments and =xperiments support equipment.

2 August: NASA terminated all activity associated with the lunar n.apping and survey system.

1968

2 February: Key check points were established for AAP to ensure sufficient management visi-
bility of the program status.

20 July: The Post Apollo Advisory Committee issued its report which confirmed the basic
objectives of AAP and played a deciding role in its later evolution.

1969

¢ March: An AAP baseline configuration review was held at NASA Hq.

2 May: An AAP Software Board was established.

21 May: Choice of a Saturn IB “wet" Workshop vs. a Saturn V "dry” Workshop was the major
subject discussed at a Manned Space Flight Managemen: Council meeting.

23 May: MSFC Director Wernher von Braun responded to George E. Mueller's request for
recommendations from the field Centers on the “wet” vs. “dry” Workshop issue, saying he
preferred the “dry” Workshop and giving his reasons.

18 July: NASA Administrator Thomas O. Paine approved the shift from a “wet” to a “dry”
Workshop. !

22 July: AAP Director Wiliiam C. Schneider directed the three manned space flight Centers to
implement the necessary changes to effect the*"dry” Workshop program,

8 August: MSFC definitized the contract with McDonnell Douglas for two Orbital Workshops
for AAP.

16 September: NASA announced the AAP chanze from “wet” to “dry” Workshop substantially
improved the probability of mission success ;ind crew safety.

22 October: The AAP Director approved charges in the Orbital Workshop at a meeting at
MSFC.

1970

2 January: MSFC shipped a test version of the Saturn S-IVB stage to McDonsell Douglas to be
converted into an Orbital Workshop test article.

xii
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17 February: NASA announced that AAP had been redesignated the Skylab Program,

18 March: An interface panel organization was established within the NASA Skylab Program
for defining, conrrolling, and resolving inter-Center problems.

4 May; A system flexibility study was conducted of systems and subsystems in the Skylab
cluster to a-nieve maximum flexibility in case of a malfunction.

IS May: NASA announced that both the Skylab Saturn V oand Sawrn 1B launckes would be
from Launch Complex 39 at KSC.

26 May: The Apollo telescope mount critical design review was completed at MSFC and final
approval given the ATM design,

10-14 Awgnst: A critical design review for the airlock module was held at McDonnell Douglas.

24-27 August: A critical design review of Skylab’s multiple docking adapter was completed at
Martin Marietta. Denver.

14-18 September: An Qrbital Workshep cridcal design review was conducted at McDonnell
Douglas, Huntington Beach, California.

21 September: A Saturn Workshop crew station review began at MSFC with Government and
industry engineers monitoring the progress of nine astronauts as they “walked through”
many ~f the Workshop tasks.

16-20 Norvember: An EVA critical design review was held ac the MSFC mockup arca and
neutral buoyancy simulator with 10 astronmauts participating,.

1971

12 February: Acoustic testing of the Orbital Workshop dynamic test article was completed at
MSC.

IS5 December: An MSFC-MSC agreement was approved detailing responsibilities for Skylab
flight crew training in the neutral buoyancy simulator at MSFC.

December: The Skylab Program was reviewed by a Skylab midierm task team,

1972

=12 Jannary: The Manned Space Flight Management Council agreed to retain the 30 April
1973 launch-readiness date.

19 Jaruary: Prime crewmen were named for the three Skylab missions,

7 March: The Skylab escue mission was a definite NASA commitment,

21 June: A CSM design certification review board met at MSC and concurred in accepting the
CSM design for Skylab.

17 July: A Skylab vibration and acoustic est program which began at MSC in January 1971
wa:, completed.

29 August: After completion of 28 days of the Skylab medical experiments altitude tests at MSC,
it was decided to conticue the planned 56-day test to completion,

6-" September: A special ceremony marked completion of the Orbital Waorkshop prior to its
readiness for shipment from Huntingon Beach o KSC.

19 Ociober: A Skylab cluster systems design certification review was conducted at MSFC,

21 November: NASA Hq defined the review procedure and readiness requirements for the flight
readiness review which would be conducted prior to each Skylab mission.

30 Norember: Skylab cost savings were achieved by increasing payload weights in some
instances.

1973

29230 Jannary: The airlock, multiple docking adapter, and Apollo telescope mount flight units
were mated to the lunar vehicle.

27 February: Skylab 2 was moved from the Vehicle Assembly Building to Launch Pad 39.

5 April: Planning dates for the four Skylab launches were ofheially confirmed by NASA,

17220 April: A flight readiness review was held ar KSC, tollowed by an announcement of
“ready to go” for Skylab 1 on 14 May and Skylab 2 on 15 May.

Xlil
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14 Muy: Skylab 1 was laanched from KSC. Deployment of the Workshop solar array and the
meteorvid shield was not successful, requiring a postponement of the Skylab 2 launch.
23-24 May: The design certification review board determined that a “Skylab Parasol,” deployed
through the scientific airlock, would be the prime method of improvising a thermal shield
for the Workshop.

25 May: Skylab 2 was launched from KSC and rendezvoused voith Skylub 1 during the fifth
revolution. Damage to Skylub | was reported o the ground.

26 May: The crew completed the task of deploying the Skylab parasol, and the Workshop
temperature started to drop.

7 June: Two astronauts performed an EVA and successfully freed the undeployed solar array,
after which it was fully deployed.

22 June: The Skylub 2 command module splashed down in the Pacific Ocean following a suc-
cessful 28-day mission.

28 July: Skylab 3 was launched from KSC and began its mission, ending with 2 landing in the
Pacific Occan on 25 September.

13 August: A decision was made to delete the Skylab Saturn V Orbial Waorkshoo capability
effective 15 August.

30 Awgust: Guidelines were issued by NASA for release, disposition, and storage of all vr.-
needed Skylab Program equipment.

16 November: Skylab 4 was launched from KSC for a planned duration mission of 56 days with
an option of extending it to 8§ days. The command module and crew splashed down in the
Pacific Occan 8 February 1974, 81 days 1 hour 15 minutes 31 scconds after liftoff.

ORIGINAL PAGE IS
OF POOR QUALITY]




PREFACE

The Skylab Program was specifically d signed to conduct a series of
experiments from beyond the Earth's aimn.phere. Since the number and
types of experiments to be conducted during the operational phase of Skylab
were constantly changing, rather than encumber the body of the chronology
with these changes, a lengthy appendix on experiments (number 3) has been
included. This appendix identifies the Principal Investigators and Coinvestigators;
gives the types, numbers, and descriptions of the experiments; explains the
purposes of the various experiments; and, wherc available, gives the results or
findings of the experiments. Because of the time required to reduce the
voluminous amount of data acquired during the Skylab missions, definitive
results on some of the experiments may not be available for some years.

This document was intended to capture the key events that contr.buted
to the success of Skylab and to provide the sources and documentation essential
to a narrative history of the program. It was not the intent of the authors, nor
should it have been their intent, to interpret the decisionmaking processes, thc
policies, the budgetary constraints, the politics, and the inter-Center rivalries
that interwove themselves into the pattern of the Skylab Program from its
inception on the drawing board to its culmination as America’s most successful
manned space program to date. For these interpretations, the interested reader
must await the narrative history of Skylab--a history which is now being
written. Meanwhile, it is hoped that the chronology wil’ serve as a ready
reference for those who might be secking a comprehensive sovrce of information
on the Skylab Program.

The body of the Skylab chronology has been divided into three parts:
early space station activitics, Apollo  Applications, and Skylab development
and operaiions.

The first part traces the concept of space stations beginning with Hermann
Oberth’s study on a manned space station, which he presented to the scientific
community in 1923, through July 1965 when Grumman completed a study
for NASA on Earth orbital missions, During the years between those dates,
the scientific community had begun to show considerable interest in a space
station that would enable them to study the physical and psycnological effects
on man of extended periods in a Space environment; evaluate techniques for
scientific experiments from space; and develop and evaluate techniques for the
construction and successful lnunch of a space station. A key step in this direction
was the manned space station symposium held in Los Angeles in 1960. During
the symposium, leading acronautical and aerospace scientists and engineers
presented 40 papers on these subjects.

The second part of the chronology covers the period from July 1965 to
February 1970 and encompasses those periods of the program designated the

v
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Apollo Extension System nd the Apollo Applications Program. It was during
this period that concepts (based in part on experience gained in the Mercury,
Gemini, and Apollo Programs) were refined, contracts were issued, and the
gradual evolution of the Orbital Workshop to its final “dry” concept occurred.
©In Febru ry 1970, what had previously been called the Apollo Applications
Program was redesignated the Skylab Program. Part three of the chronology
covers the period from this redesignation through the final mission of the
program and the pestoperational phase. This, essentially, was the construction
and operational phase of the program. It was the period of final cquipment
and experiment checkout, launch and flight, recovery and evaluation.

In writing this chronology, certain NASA Centers which appear {requently
are referred to by their acronyms. These arc: MSI'C (the George C. Marshall
Space Flight Center), KSC (the John F. Kennedy Space Center), MSC (the
Manned Spacccraft Center) which later became JSC {the Lyndon B. Johnson
Space Center), and LaRC (Langley Rescarch Center). The National Acronautics
and Space Administration is generally referred to as NASA, or when the
context of the entry requires, NASA Hq. The Centers which appear with less
frequency in this chronology, such as the Goddard Space Flight Center, the
Ames Rescarch Center, the Lewis Research € ‘enter, and the Jet Propulsion
Laboratory, are spelled out.

Similarly, a short form is used for a number of the acrospace contractors.
The Martin Marietta Corporation is referred to as simply Martin Marietta,
the Grumman Aerospuce Corporation as Grumman, the McDonnell Douglas
Corporation as ecither McDonnell Douglas, Huntington Beach, California, or
McDonnell Douglas, St. Louis (to distinguish between the castern and western
facilitics), and North American Aviation, Incorporated (later North American
Rockwell and still later Rockwell International), is referred to as North American.
Other acrospace contractors, appearing less frequently in the chronology, are
given their full titles, Examples are The Bocing  Company, the Lockheed
Aircraft Corporation, and the Bendix Corporation,

Material used in preparing this chronology has basically been primary
source materials—official correspondence, memoranda, NASA and contractor
reports, minutes of meetings, and minutes of reviews, etc. Secondary source
materials—NASA and contractor news releases and references to newspaper
and magazine articles-—were used minimally,

This chronology could not have been written without the assistance of a
great number of individuals within the dcrospace community. To list them
all would be impossible. However, the authors wish to acknowledge by name
the assistance received from Monte D, Wright, John H. Disher, Frank W.
Anderson, Jr., J. Pemble Field, Thomas Hanes, Edward Christianson, and
Lee D. Sacgesser of NASA Headquarters; Leland F, Belew, Hilmar Hacnisch,
Charles 1. Wood, Ralph Murphy, James Bishop, Lois Robertson, and Robert G.
Sheppard of MSIC: James Perris, Konstanty Kebalka, James W. Craig, Jr.,
and Jimmy D. Broadwell of KSC:; Robert I, ‘Thompson, Kenneth §. Kleinknecht,
Walter D. Wolhar, Edward A, Armstrong, Reginald M. Machell, Joe W,
Dodson, Robert Gordon, Roy L. Magin, Jr., Harold J. Davis, James M.

xXvi
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Grimwood, and Sally D. Gates of JSC; Fdward Regan, Walter Cleveland,
Dan Green, and Frank Morgan of McDonnell Douglas: and Richard Barton
and Ralph Qukley of Rockwell International,

Special kudos go to Melba Henderson and Virginia A. Trotter of JSC for
their outstanding assistance and cooperation in making available the files and
records from which a large portion of this chronology has been derived; to
Willard M. Taub, whose assistance was invaluable in location and identification
cf some of the illustrations: and to Hilda J. Grimwood, who performed such
an outstanding job in the typing and proofing of this manuscript in addition to
carrying out the other innumerable duties essential to good office operations.

This chronology was prepared by the Historical Services and Consultants
Company, Houston, Texas; under contract NASW-2590.
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PART |

Early Space Station Activities
1923 through July 1965

Hermann Oberth published Die Rakete 2y den Planetenraumen (The Rocket 1923
into Planetary Stace), which contained the first serious Propusal for a manned
Space station to appear in scientific iiterature rather than fiction. Oberth’s study

Produce an artificial gravity for the crew. Such a station, he said, could serve
as a base for Earth observations, as » weather forecasting satellite, as 1
communications satellite, and as refueling station for extraterrestrial vehicles

Translation »f Hermang Oberth’s Die Rakete 24 den Planetenraumen, Verlag von R.
Oldenbourg, Munich and Berlin, 1923,

Writing in the monthly journal Die Rakete, Baron Guido von Pirquet presented 1928

Primarily an observation site and another station in a much higher orbit that
would be more suitable as an orbital refueling station for escape vehicles,

Translation of Guido von Pirquet’s article “Fahrtrouten” in Die Rakete, 2. Jahrgang,
Breslau, Deutschland, 1928,

Hermann Noordung (the pseudonym for Captain Potocnik of the Austrian 1928
Imperial Army) published Das Problem der Befahrung des Weltrqums (The
Problem of Space Flight), which included one of the first serious attempts to
Put on paper the design of a manned space station, Noordung'’s proposed design
consisted of a doughnut-shaped structure for living quarters, a power generating
station attached to one end of the central hub, and an astronomical observation
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1928

1929

1945

1946

March

May

SKYLAB: A CHRONOLOGY

station. He was among the first to suggest a wheel-shaped design for a spac¢
station to produce artificial gravity, and also argued the scientific value of such
a station in a synchronous orbit above the Earth.

Hermann Noordung, Das Problem der Befahrung des Weltraums, 1928.

Hermann Oberth published Wege zur Raumschiffahrt, in which he greatly
claborated on ideas presented in his 1923 book. Oberth herc presented several
specific designs for orbital space stations, ranging from spherical living quarters
for the crew to large reflective mirrors fabricated in orbit. Among several
innovations were methods for fabrication in orbit, propulsion by particle
emission, and small ferry vehicles to permit travel in the vicinity of the station.
Such stations could be used for a varicty of purposes, ranging from scientific
observation sites to military installations.

Transiation of Hermann Oberth's Wege zur Raumschiffahrt, Verlag von R. Olden-
bourg, Munich and Berlin, 1929.

In a summary of his work on rockets during World War 11, Wernher von Braun
speculated on the potential and future uses of rocket power and space vehicles.
Von Braun prophesied large scientific observatories in space, the construction of
space stations in orbit, and interplanctary travel, beginning with manned flights
to the Moon.

Wernher von Braun, “Survey of the Development of Liquid Rockets in Germany and
their Future Prospects,” in F. Zwicky, Report on Certain Phases of War Research in
Germany, Headquarters Air Materiel Command Report No. F-SU-3-RE, January
1947, pp. 38-42.

The Army Air Forces established Project RAND at the Santa Monica, Cali-
fornia, plant of Douglas Aircraft Company, Inc. On 12 May, Project RAND,
which had studied supersonic aircraft, guided missiles, and satellite applications,
released a report on “Preliminary Design of an Experimental World-Circling
Space Ship” that argued the technical feasibility of building and opcrating an
artificial Earth satellite.

Eugene M. Emme, Aeronautics and Astronautics: An American Chronology of Science
and Technology in the Exploration of Space, 19151960, Washington, D.C., 1961,
p- 33; U.S. Cengress, House, Military Astronautics (Preliminary Report): Report of
the Committee on Science and Astronautics, House Report 360, 87th Cong., st sess.,
4 May 1961, p. 2.

Douglas Aircraft Company, Inc, completed an engineering study on the
feasibility of designing @ man-carrying satellite. The study showed that if a
vehicle could be accelerated to a speed of 27 360 km per hr and aimed properly
it would revolve on a circular orbit above the Earth's atmosphere as a new
satellite. Such a vehicle would make a complete circuit of the Farth approximately
every hour and half. However, it would not pass over the same ground
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stations on successive circuits because the Earth would make about a one-sixteenth
turn for each circuit of the satellite. Two fuels were considered in the study:
hydrogen-oxygen and alcohol-oxygen. The liquid alcohol-hydrogen had been
used to propel the German V-2 rockets. The use of cither fuel to orbit a
man-made satellite, the study showed, would require the use of a multistage
vehicle. The study also indicated that maximum acceleration and temperatures
could be kept within limits safe for man. The vehicle envisioned would be used
in obtaining scientific information on cosmic rays, gravitation, geophysics,
terrestrial magnetism, astronomy, and mcteorology.

Douglas Aircraft Co., Report No. SM—11827, Preliminary Design of an Experimental
World-Circling Spaceship, 2 May 1946.

In a paper presented to the British Interplanetary Socicty, H. E. Ross described
a manned satellite station in Earth orbit that would serve as an astronomical
and zero-gravity and vacuum research laboratory. (Ross’ bold suggestions also
included schemes for a manned landing on the Moon and return to Earth
through use of the rendezvous technique in Earth orbit and about the Moon.)
Ross’ suggested design comprised a circular structure that housed the crew of
the space laboratory (numbering 24 specialists and support personnel) as well
as telescopes and research equipment. The station, he suggested, could be
resupplied with oxygen and other lifc-support essentials by supply ships launched
every three months,

H. E. Ross, “Orbital Bascs,” Journal of the British Interplanetary Society, 8, 1949,
pp. 1-7.

Awakening public interest in the United States and in Europe was manifested
by publication in September 1949 of The Conquest of Space by Willy Ley. Ley
featured detailed descriptions of orbital space stations and manned flights to the
Moon and back as part of man’s quest to conquer the fronticr of space. The
First Symposium on Spacc Flight was held 12 October 1951 at the Hayden
Planetarium in New York City. Papers read at the Symposium were published
in March 1952 by Collier’s magazine under the title “Man Will Conquer Space
Soon.” Contributors were Wernher von Braun, Joseph Kaplan, Heinz Haber,
Willy Ley, Oscar Schachter, and Fred L. Whipple. Topics ranged from manned
orbiting space stations and orbiting astronomical observatories to problems of
human survival in space, lunar space ventures, and questions of international
law and sovereignty in space. Finally, Arthur C. Clarke’s The Exploration of
Space, first published in England in 1951 and a Book of the Month Club
selection in America the following vear, persuasively argued the case for
orbital space stations and manned lunar and planctary space expedidons,
popularizing the notion of space flight in generai.

Willy Ley, The Conguest of Space, 1959: “Man Will Conquer Space Soon,” Collier's,

22 March 1952, pp. 22 36, 65 67, 70-72, 74; Arthur (' Clarke, The Exploration of
Space, 1952,
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At the second annual congress of the International Astronautical Federation
in London, H. H. Koclle described “Die Aussenstation” as part of a paper
on “Der Einfluss der Konstruktiven Gestaltung der Aussenstation auf die
Gesamtkosten des Projektes (The Influence of the Layout of the Satellite on
the Overall Cost of the Project).” Koelle’s paper represented the most realistic
appraisal so far of the problems of design and construction of a space station.
He dealt with problems of payload limitation, orbital assembly, limitations on
the crew in the spacc environment, and national and economic factors behind
space station growth. In Koelle’s view, such a station might be used for
scientific investigations of Earth’s upper atmosphere, weather observation, astro-
physical research, and human and chemical research in a zero-gravity environ-
ment. Also, such a station might serve as a communications and navigation
link with the ground and as a station for launching more distant space missions.
He suggested a large circular structure consisting of 36 separate 5-m spheres
arranged around a central hub, the whole structure rotating to provide an
artificial gravity environment to offset physiological effects of prolonged weight-
lessness on the crew. One of the unique elements in Koelle’s scheme was assembly
of various parts of the station launched via separate rockets, with each segment
being a complete structure. In this way the station could be made operational
before fabrication was completed, and subsequent expansion of the structure
could take place whenever desired. Total personnel complement of the station
would range from 50 to 65 people. Koelle even estimated the cost of such a
project: $518 million for conutruction and $620 million over an operational
lifetime of six months.

John W. Massey, Historical Resume of Manned Space Stations, Army Ballistic Missile
Agency Report No. DSP-TM-9--60, 15 June 1960, pp. 19-26.

In “Analysis of Orbital Systems,” a paper read at the fifth congress of the
International Astronautical Federation in Innsbruck, Austria, Krafft Ehricke
described a four-man orbital station. Arguing hat a very large space station
was neither necessary nor desirable, Ehricke postulated a four-man design that
might serve a number of different purposes, depending upon altitude and orbital
inclination. He suggested that such a station might be used for a multitude of
scientific research, for orbital reconnaissance, for an observation platform, and
as a launch site for more distant space ventures. The station would be launched
initially by a large multistaged booster and subsequently visited by crews and
resupplicd by means of smaller ferry rockets.

Ibid., pp. 28-31.

The National Advisory Committee for Aeronautics (NACA) and the Air
Force signed a Memorandum of Understanding concerning the principles in
the development and testing of the Air Force’s Hypersonic Boost Glide Vehicle
(Dyna Soar I).
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PART I: EARLY SPACE STATION ACTIVITIES

The following principles would apply to the project: (1) The project would 1958 ,
be conducted as a joint Air Force-NACA project. (2) Overall technical control May |
of the project would rest with the Air Force, acting with the advice and

assistance of NACA. (3) Financing of the design, construction, and Air Force

test of the vehicles would be borne by the Air Force. (4) Management of the

project would be conducted by an Air Force project office within the Direciorate

of Systems Management, Headquarters, Air Research and Development Com-

mand. NACA would provide laison representation in the project office and

provide the chairman of the technical team responsible for data transmission

and research instrumentation. (5) Design and construction of the system would

be conducted through a negotiated prime contractor. (6) Flight tests of the

vehicle and related equipment would be accomplished by NACA, the USAF,

and the prime contractor in a combined test program, under the overall control

of a joint NACA-USAF committee chaired by thr Air Force.

T L

Memorandum of understanding, “Principles for Participation of NACA in Develop-
ment and Testing of the ‘Air Force System 464L Hypersonic Boost Glide Vehicle ,j
(Dyna Soar 1), signed by Gen. Thomas D. White, Chief of Staff, USAF, 13 May yr
1858, and Hugh L. Dryden, Director NACA, 20 May 1958, ]

In 1958, the year after Sputnik I, Krafft Ehricke, then with General Dynamics’ During
Convair Division, designed a four-man space station known as Outpost. Ehricke Y'::'
proposed that the Atlas ICBM being developed by Convair could be adapted

as the station’s basic structure. The Atlas, 3 m in diameter and 22.8 m long,

was America’s largest rocket at the time,

Dave Dooling, “The Evolution of Skylab,” Spaceflight, January 1974, p. 20.

A 1958 spacecraft design concept for a two-man orbiting laboratgr'\{ prepared by H,
Kurt Strass and Caldwell C. Johnson of NASA's Space Task Group at Langley
Field, Virginia.
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1959 In testimony before the Senate Committec on Acronautical and Space Sciences,

NASA Deputy Administrator Hugh L. Dryden and DeMarquis D. Wyatt,

Assistant to the Director of Space Flight Development, described the long-range

20 objectives of the agency's Space program: a multimanned orbiting space station;
4 permanent manned orbiting laboratory; unmanned lunar probes; and manned
lunar orbital, lunar-landing, zmd-ultinmtcly~intcrplzmctary ilight.

February

U.S. Congress, Scnate, NASA Authorization Subcommittee of the Committee on
Aeronautical and Space Sciences, NASA Supplemental Authorization for Fiscal Year
1959: Hearings on §.1096, 86th Cong., Ist sess., 1959, pp. 16, 81.

April John W. Crowlcy, Director of Aeronautical and Space Research, appointed Harry
J. Goett of the Ames Research Center to head a Rescarch Steering Committee on |
Manned Space Flight 1o assist Headquarters in long-range planning and basic re-
search on manned space flight. Composed of representatives from the field cen-
ters as well as Headquarters, members of the Goett Committee (as it was called) .
met for the first time on 25-26 May. From the outset, they agreed to concentrate ‘i
on the long-range objectives of NASA's man-in-space program, including support- |
ing rescarch required, coordinating the rescarch efforts of the varjous field centers,

ard recommending specific research projects and vehicle development programs.

The most important task facing the Goett Committee was the issue of a flight
program to follow Mercury. H. Kurt Strass of the Space Task Group (STG) at
Langley Field, Virginia (the ficld element that subsequently evolved into the
Manned Spacecraft Center), described some preliminary ideas of STG planners
regarding a follow-on to Mercury: (1) an enlarged Mercury capsule to place two
men in orbit for threc days; (2) » two-man Mercur; capsule and a large cylindri-
cal structure to support a two-wcek mission, (In its 1960 budget, NASA had re-
quested $2 million to study methods of constructing a manned orbiting laboratory
or converting the Mercury spacccraft into a two-man laboratory for extended
space missions.)

Memorandum, John W. Crowley to Dist., “Research Steering Committee on Manned
Space Flight,” 1 April 1959; “Minutes, Rescarch Steering Comniittee on Manned
Space Flight,” 25-26 May 1959, pp. 1-2, 6-9; US. Congress, House, Subcommittee
of the Committee on Appropriations. National Aeronautics and Space Administration
Appropriations: Hearings, 86th Cong., 15t sess., 1959, pp. 42-45.

24 DeMarquis D. Wyatt, Assistant to the Director of Space Flight Development,
testified before Congress in support of NASA’s request for $3 million in Fiscal
Year 1960 for rescarch on techniques and problems of space rendezvous. Wyatt
explained that logistic support for a manned space laboratory, a possible post-
Mercury flight program, depended upon resolving several key problems and
making rendezvous in orbit practical. Among key problems he cited were estab-
lishment of methods for fixing the relative positions of two objects in space;
development of accurate target acquisition devices to enable supply craft to locate
the space station; development of guidance systems to permit precise determina-
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tion of flight paths; and development of reliable propulsion systems for maneuver-
ing in orbit,

u.s. Congress, House. Committee on Science and Astronautics and Subcommittees
Nos. 1, 2, 3, and 4, 1960 NASA Authorization: Hearings on H.R. 6512, 86th Cong.,
Ist sess., 1959, pp. 97, 170, 267-68.

In a Project Horizon report, Wernher von Braun, then with the Army Ballistic
Missile Agency, advanced a theory that he had conceived years earlier for using a
booster’s spent Stage as a space station’s basic structure. This later evolved into
the “wet stage” concept for the Skvlab Program.

Project Horizon, Phase | Report: 4 U.S, Army Study for the Establishment of a Lunar
Military Outpost, Vol. I, pp. 127-130.

Laurence K. Loftin, Jr., of Langley Research Center, presented to the Research
Steering Committee on Manned Space Flight a report on a projected manned
space station. During subscquent discussion, Committee Chairman Harry J. Goett
stated that considerations of space stations and orbiting Iaboratories should be an
integral part of coordinated planning for a lunar landing mission, George M.
Low of NASA Hq warned that care must be exercised that each successive step
in space be taken with an ¢ye toward the principal objective (i.e., lunar landing)
because the number of steps that realistically could be funded and attempted was
extremely limited. (Subsequently, Low's thinking and the recommendations of the
Research Steering Committee were influential in shifting the planning focus of
NASA’s manned Space program away from ideas of large space stations and lab-
oratories and toward lunar flight and the Apollo program.

“Minutes, Research Stecring Committee on Manned Space Flight, 25-26 June 1959,”
p. 6.

E. C. Braley and L. K. Loftin, Jr., sponsored a conference at LaRC to focus
study at the Center on placing a manned Space station in Earth orbit. Participants
at the conference aimed at concentrating research cfforts on developing the tech-
nology to build, launch, and operate such a station. Braley, Loftin, and others en-
visioned several purposes of such a space station: (1) to study the physical and
psychological reactions of man in the space environment for extended periods of
timc; as well as his capabilities and usefulness during such missions; (2) to study
™uterials, structures, and control systems for extended-duration space vehicles,
and means for communication, orbit control, and rendezvous in space; and (3) to
evaluate various techniques for terrestrial and astronomical observation and how
man’s unique abilities could enhance those techniques in space. Participants en-
visioned this Langley study project as an initial step toward landing men on the
Moon some 10 to 15 years later,

Memorandum, Beverly Z. Henry, Jr., to Associate Director, “Langley Manned Space
Laboratory Effort,” 5 October 1959.
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Douglas Aircraft Co., Inc., was wsited by a representative of the London Daily
Mail newspaper who was visiting several companices to collect ideas for space sta-
tions. The Daily Mail held a highly promoted public exhibition cach year called
the “London Daily Mail Home Show.” and wanted to have “A Home in Space”
as the theme for the 1939 show. Douglas offered to do a full design study (includ-
ing mockup details) for him, and after visiting several other companies he returned
and informed Douglas they had won the “competition.” W. Nissim of the Doug-
las Advanced Design Section was given a budget of $10 000 with which he turned
out a technical report, mockup drawings, and posters to be used in the show. The
full-scale mockup was built and exhibited in London in 1959. The basic concept
was identical to the original Saturn “Wet Workshop™ but was not connected to
any projected launch vehicle A\ hydrogen-fucied stage was chosen simply because
it offered a larger usable volume. Several concepts for detailed equipment and
techniques adopted for later programs were originally developed for this study.

Douglas Aircraft Co., Report No. SM-36173, London Daily Mail Astronomical Space
Observatory, November 1959 memorandum, Joe Tschirgi, McDonnell Douglas Astro-
nautics Co., MDAC, to Walt Cleveland, MDAC, + April 1973.

The London Daily Mail presented the Space Vehicle at its 1960 Tdeal Home Ex-
hibition, and an estimated 150 000 to 2G0 000 people passed through the vehicle.

The following is extracted from the 1960 exhibition catalog:

Based on designs developed by Douglas Aireraft Co., Inc, Santa Monica, CA, the
Space Vehicle which rears its 62 feet {19 m] length from the well high into the
roof of the Empire Hall will be seen suspended s it would be in flight so that
visitors may see, for the first time in history, a full-sized replica of a Space Ship
of the future. Tt measures 17 feet |5 m] across and visitors can walk through it
from the First Floor of the Empire Hall and inspect it in detail.

Those who do so should assume that they are aboard in the second stage of a
two-stage vehicle. After take-off the first stage burns out at an altitude of
200,000 feet [60960 m]; the second at a height of approximately 250 miles {400
km] above sea level,

Once in orhit, in gravity free space, the Space Vehicle is pointed towards the sun
and is kept in that position on its course, Its mission is to map stellar space un-
hindered by atmospheric conditions: which prevail below, to make spectroscope
ohservations and to obtain other astronomical data, all of which are telemetered
directly to carth stations.

The crew of four men make their ascent in the nose cone {in which they also re-
enter the atmosphere and retun to earth). Once in orbit they move dewn from
the cone into the central column, blow out the fuel chamber- -whirh is to be their
working and living quarters: -and st up their equipment which has been stored
in the area between nose and tank,

The sheathing, which covers their part of the Vehicle, opens up inta four petals

which have sun batteries on their inner surtaces. These provide 5 kw of power to
drive the electrival equipment. Inside the sheathing, telescopes, radio antennae

10
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and other gear all stand during ascent. Working in space suits the team assemble
this equipment, transfer stores, and are soon ready 1o set up their space routine,

Each man takes his watch, Actually during the twenty-four hours cach member of
the crew does approximately eight hours on duty, Las eight hours for sleep and eight
hours free for exercise, meals and recreatjon, While on duty, the crevw control
the transmission of their observations to carth and keep watch on the tempera-
ture and atmospheric conditions within the Space Vehicle.

The blue and white stripes on the outside of the vehicle are designed to absorb
(white) and re-radiate (blue) the sun’s heat ({which in space is very great) and
maintain a temperature of about 72 degrees fahrenheit [295 K] within the working
quarterss,

The atmospheric conditions within the Vehicle are created from oxygen and
nitrogen supplies and pressurised to simulate an environment of 10,000 feet
(3000 m]. Air breathed out by the crew (CO,) is absorbed in special containers,

Visitors who go through the Vehicle should realise that the crew, in a gravity-free
condition, have ne “Hoor” or “ceiling.” They would be able to work cqually
casily in any position, The Vehicle on exhibit at the Exhibition shows one of the
crew at work on a telescope, in a space suit, outside the Vehicle, A second crew
member will be seen inside the Vehicle, in his Space suit, at the ready in case of
emergency; a third man is relaxing, watching earth TV; a fourth is on duty at
the control console,

In a gravity-free condition things remain where they are—only “restraint” straps
are necessary to prevent “drifting.”

When returning to earth, the crew go back to the re-entry Vehicle (the nose cone)
in which they made their ascent. Here they fasten themselves into special seats,
They then break the joints which attach them to (he Space Vehicle and . . |
align their vehicle so that its nose points in a direction [opposite] to that of their
arhit. A small rocket motor is then fired which reduces their speed and they begin
to sink into the upper atmosphere and come into the carth’s gravit-tional pull.
The re-entry vehicle is then flown ecarthwards, losing speed and finally, at a pre-
determined heighe, a large parachute opens automatically and the capsule floats
down to the ground.

Letter, Trevor Smith, London Daily Mail, to Ivan D, Ertel, Historical Services and
Consultants Company, 14 October 1974, with extract from 1960 Ideal Home Exhibi-
tion catalog.

The Tnstitute of the Acronautical Sciences, NASA, and the RAND Corporation
sponsored a Manned Space Stations Symposium featuring leading acronautical
and acrospace scientists and engincers from across the country. They examined
the entire subject from present planning and future steps through engineering
fcaﬁbﬂng opcruﬁona]tcchxﬁquc& designs, costs, and utilitarian considerations.
This conference marked one of the focal points in American space station think-
ing up to that time.

“Proceedings of the Manned Space Stations Symposium,” Los Angeles, California,
20-22 April 1960,

11

1960

March

April

20-22




STORAGE
SECTION
COVERS

RE-ENTRY

STORAGE

~— CENTRE TUBE
SECTION—

LANDING STORAGE SECTION COVERS
SECOND
FLOOR
LEVEL
N
—‘L, N “——T
TANK SECTION RSN
D
-‘“ﬁ’ ’
ROLLED 10°-6
STEEL ™ I
ENGINE CHANNEL
SUPPORTING
RING -
80"
— &
o .1 FIAST
B FLOOR
T LEVEL
| 27
— \\ I
198" |
STRUCTURAL ’ i
STEEL '
RIGHT SIDE ELevation | (. [y cacomns |

The architectural plans drawn for the 1960 Tdeal Home Exhibition in Empire Hall,
London, showing three views of the mockup space station.- -
of the London Daily Mail.

awings courtesy
1 o v
2 ORIGINAL PAGE O



DG L bt o5 4t i A S G o LR e v SR i AT 4 R GAE Gt i ' A G ‘

3
|
:
;
j
1"4'-0”1F j
; i
J 40" LANDING é
- ' — I
| ' |
1210”
|
323
339"
: ] AT 276" PLATFCRM LEVEL
TANK SECTION
WAL ————
106"

-0 UP— —yp
¥ : :
139" 139"—f i
b :
1 ;

SECOND
FLOOR
LEVEL
/
FIRST
X FLOOR
STAIRCASE AND Syl LEVEL
BRIDGE CARRIED  Jh——
. ON STRUCTURAL
STEEL FRAME

STRUCTURAL
STEEL GROUND
COLUMN — FLOOR
LEVEL
- Il
FRONT ELEVATION




- T ARTTERT LSS R S I I s i il

1960

May

1617

1961
Janvary

5-6

May

. "\'“‘,\4, Ay IR e

Two photograrhs of the 1960 Ideal Home Exhibition in London: At left, a “crew-
man” is at the control panel that operates the battery of space telescopes. Note
his “shirt-sleeve” clothing. At right, a spacc-suited “crewman” is outside the

space station working on one of the telescopes.—Photos courtesy of the London
Daily Mail.

Representatives from the various NASA Field Centers and Headquarters attended
a conference on space rendezvous held at LaRC under the chairmanship of Ber-
nard Maggin. The participants reviewed current Center research programs on
space rendezvous and cxchanged ideas on future projects. Many of the studies
already in progress involved the idea of a space ferry and rendezvous witi' a sta-
tion ia cislunar space. Although as yet NASA had no funding for a rendezvous
flight test program, conscnsus of those at this conference held that rendezvous
would be essential in future manned space programs and that the Centers should
undcrtake experiments to establish its feasibility anc to develop various rendez-
vous techniques.

Inter-NASA Rescarch and Development Centers Discussion on Space Rendezvous,
LaRC, 16-17 May 1960.

McDonn:Il Aircraft Corporation officials proposed to NASA a one-man space
station consisting of a Mercury capsule and a cylindrical space laboratory cap.ble
of supporting onc astronaut in a shirt-sleeve environment for 14 days in orbit.
The complete vehicle, McDonnell said, could be placed in a 240-km orbit by an
Atlas-Agena booster, thus affording NASA what the company termed a “mini-
mum cost manned space station.”

McDonnell Aircraft Corp., One Man Space Station, 24 August 1960 (rev. 28 October
1960).

A NASA Hq working group headed by Bernard Maggin completed a staff study
recommending an integrated rescarch, development, and applied orbital opera-
tions program through 1270 at an approximate cost of $1 billion. In its report,
the group identified three broad categories of orbital operations: inspection, ferry,
and orbital launch. Maggin and company reasoned that future space programs

14 ORIGINAL PAGE IS
OF POGR QUALITY

PR

w5




A, TR TR

ABORY/RETURN

VEHICLE ——————

LIFE
SUPPORT - —-
=5 -5~
CYLINDER _\}___ s
________ “ll-—————‘_ ~
N\ ¢ M
S e N
i NN iy
"\ / IlI|||| / \
;] Eogt |
g ul:,, \
= S‘ \:.::4! - /
N ] \ /
C-’I IHI, N -
ERECTABLE = T Mg, | IS N
MISSION CHEMICAL EyiindiyanAN o HEAT
MODULE HEAT EXCHANGER ~~. 1 swiEw
soLan”
POWER FINAL
DISC STAGE
LAUNCH
SYSTEN —«

CHEMICAL
HEAT EXCHANGER

ABORT/RETURN
VEHICLE

In October 1960 Rene A, Berglund of Langley Research Ce

Office prepared the spacecraft design conce
based on the Mercury spaceeraft.

nter’s Space Station
pt of an inflatable space laboratory

15

e e

i
:
:




1961

May

18-31

October

SKYLAB: A CHRONOLOGY

required the capability for such orbital operations and reccommended that a devel-
opment program, coordinated with the Department of Defense, be undertaken
immediately. Also, because of the size and scope of such a program, they recom-
mended that it be ind~pendent of other space projects and that NASA create a
separate administrative office to initiate and manage the program.

Memorandum, Bernard Maggin to Associate Administrator, “Staff Paper—‘Guidelines
for a Program for Manned and Unmanned Orbital Operations,” " 22 May 1961.

Space Task Group Director Robert R. Gilruth informed Ames Research Center
that current planning for Apollo “A” called for an adapter between the Saturn
second stage and the Apolle spacecraft to include, as an integral part, a section to
be used as an orbiting laboratory. Preliminary in-house configuration designs indi-
cated ti.is laboratory would be a cylindrical section about 3.9 m in diameter and
2.4 m in height. The laboratory would provide the environment and facilities to
conduct scientific experiments related to manned operation of spacecraft. Gilruth
requested that Ames forward to STG descriptions of scientific experiments be-
lieved to be important to the development of manned space flights, together with
a list of necessary support equipment requirements.

In response to the request from the STG, ARC Director Smith J. DeFrance sug-
gested a series of experiments that might he conducted from an Earth-orbiting
laboratory: astronomical observations; monitoring the Sun’s activity; testing
man’s ability to work outside the vehicle; zero-g testing; and micrometeoroid
impact study. DeFrance noted that all of these experiments could be performed

in the lunar mission module part of the Apoilo rpace vehicle with little or no
design modification.

Letters, Robert R. Gi'ruth to ARC, “Scientific experiments to be conducted in an
orbiting laboratory,” 18 May 1961; Smith J. DeFrance to STG, Attn: Apollo Project

Office, “Suggestions for experiments to be conducted in an earth-abiting scientific
laboratory,” 31 May 1961.

Emanucl Schnitwzer of LaRC suggested a possible adaptation for existing Apollo
hardware to create a space laboratory, which he termed an “Apollo X vehicle.
Schnitzer’s concept involved using a standard Apollo command and service mod-
ule in conjunction with an inflatable spheroid structure and transfer tunnel to
create a space laboratory with artificial gravity potential. He argued the technical
feasibility of such a scheme with minimal weight penaltics on the basic Apollo
system. (Although little apparently was done with his idea, Schnitzer’s thinking,
along with similar thoughts by many of his colleagues, created a fertile environ-
ment within NASA for the idea of adapting Apollo-developed space hardware to
laboratories and space stations in Earth orbit.) In April 1962 Paul Hill, Chicf of
the Applied Materials and Physics Division, stated that structures were under
study which cuuld hold from 4 to 30 people.

Emanuel Schnitzer, Possible APOLLO X Inflatable Space Laboratory, October
1961; Astronautical and Aeronautical Events of 1962, 12 June 1963, p. 64.
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This spacecraft design of the possible use of Apollo as a space station was prepared by
H. Kurt Strass of Space Task Group in the fall of 1961.

MSC designers and planners prepared a preliminary document that outlined
areas of investigation for a spacc station study program (handled largely under
the aegis of Edward H. Olling of the Spacecraft Rescarch Division). Flight
Operations Division Chief Christopher C. Kraft, Jr., urged that the study format
be expanded to include such arcas as the opcrational requirements for a ground
support and control network, logistics vehicles, and space station occupied versus
uncccupied intervals.

Memorandum, Christopher C. Kraft, Jr, to Edward H. Olling, “Rough Draft of
Space Station Study Document,” | May 1962, with enclosure, “Proposed Revision.”

Johr. C. Fischer, Jr., an aerospace technologist at Lewis Research Center, put
forward a plan for a two-phased approach for a space station program. The more
immediate step, involving launching a manned and fully equipped station into
orbit, would span some four to six years. Such a station would allow investigation
of stationkceping, rotation .of, personnel in orbit through supply and ferry craft,
and replacement of modules in orbit through modular construction. The second
and more sophisticated phase of a space station prograni, evolving from the earlier
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step, envisioned injection of an unmanned inflatable structure into orbit which
would then be manned and resupplied by ferry vehicles (using hardware and tech-
niques developed under the earlier phase of such a program). This more sophis-
ticated approach included artificial gravity (eliminating many human and
hardware-design problems of long periods of zero-g); gyroscopic stability of the
platform (eliminating requirements for propellants to maintain the station’s orien-
tation in orbit); and supply vehicles designed for reentry and landing at selected
airports (eliminating the expense of conventional recovery methods).

John C. Fischer, Jr., Brief Plan for Establishing an Orbital Manned Space Station,
10 May 1962.

Representatives from Avco Manufacturing Corporation made a presentation to
MSC on a proposal for a space station. Prime purpose of the station, company
spokesmen said, was to determine the effects of zero-g on the crew’s ability to
stand reentry and thus fix the limit that man could safely remain in orbit.

Avco’s proposed station design comprised three separate tubes about 3 m in
diameter and 6 m long, launched separately aboard Titan IIs and joined in a
triangular shape in orbit. A standard Gemini spacecraft was to serve as ferry
vehicle.

Memorandum, K. J. Allen, MSC, to Chief, Flight Operations Div., “Presentation by
Avco on Space S.ations,” 23 May 1962,

A symposium held at LaRC, attended by NASA people interested in: space station
work, provided a forum for Langley researchers to report on progress or: some of
the more significant aspects of the Center’s work in the space station area. (A
general research program to explore the technical problems of large rotating
manned spacecraft had been under way at the Center for some time.) Various
researchers emphasized that such investigations were exploratory in nature, since
there existed no NASA-approved program for the development and operation of
such a spacecraft. The dozen papers presented at the symposium encompassed
objectives and research guidelines for a space station; preliminary research con-

The first radial, integral-launch space station was based on some ideas of H. Kurt
Strass at Langley Research Center about November 1961 and designed by
Willard M. Taub at MSC in June 1962 for Charles W. Mathews. Later, it be-
came known as the foldable Y-shaped space station.
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figurations; structural requirements; power, life-support, and thermal-control 1962
Systems; materials requirements and fabrication techniques; operational consider-
ations; structural and dynamic compatibility between station and launch vehicle;
and crew performance, August

July—

TP R

NASA Technical Note D-1504, by LaRC Staff, “A Report on the Research and Tech.
nological Problems of Manned Rotating Spacecraft,” August 1962,

The Department of Defense announced plare i deveinp a Titan I1 launch ve- 20
hicle powered by both solid and liquid fuel rocket moto:s with a total thrust of

over 11 million newtons (2.5 million ibs). Scheduled to become operational in

1963, the Titan I would be used to launch the Air Force’s X-20 (Dyna Soar)

manned spacecraft, as well g5 heavy unmanned military satellites, Martin Mari-

etta Corporation had been selected as prime contractor for the project, at an

estimated cost of ! etween $500 million and $1 billion. At news conference the

following day, Defense Secretary Robert §. McNamara cited the Titan 11T as a

major step toward overtaking the Soviet 1 njon in various phases of military space
development,

Washington Post, 2] August 1962: DOD Release 1367-62.

MSC aerospace technologists William G. Davis and Robert L. Turner compiled a Septembaer
description of scientific ang Support instrumentation that would be required
aboard a manned Space station. Such equipment comprised basically three areas:
(1) support and laboratory instrumcntation, including those systems required for
crew safety and scientific cxperiments; (2) scientific instrumentation, primarily
for study of a true Space environment on different Spacecraft systems and mate-
rials and for advancement of scientific knowledge of Space; and (3) the power
system for a space station (wherein the pair compared the relative merits of 400-
cycle alternating current versus 28-volt direct current power sources).

n

Memorandum, Willjam G. Davis and Robert L. Turner, MSC, to E. R. Diemer, MSC,
“Scientific and Support Instrumentation for a Manned Spe-» Station,” [1 September
1962,

A meeting to discuss Space-station-related work during 1963 was held in Wash- 28
ington between People from the Office of Manned Space Flight (OMSF), the

Office of Advanced Rescarch and Technology (OART), and the three Centers

most involved in such work, MSC, MSFC, and LaRc., Although the timing for

a space station project was far from firm, all agreed that the concept was impor-

tant and that advanced technological work must Proceed at the Centers in order

to present top Mmanagement with information on such a program when

appropriate.

Douglas Lord of QMSF noted that funding for Space station research and study
contracts was limited because of an “understandable Preoccupation” with the
Apollo program, noting that for 1963 OMSF was allowing $2.2 million to Msc

19




o T IR RN T T T R T R e T R T e e

R

RADIAL MODULE CONCEPT

ZERO-GRAVITY CONCEPT

During 1962, while the Apollo spacecraft design was still in the definition stage and a mode for
the lunar landing had not yet been chosen, other activities were being pursued on a smaiier
scale. Cne such activity was planning for future programs. NASA Centers, the Air Force,
and many of the major acrospace contractors were developing possible space station concepts
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and studying their potential uses. Some of those concepts, most in consideration at that' time,
are shown on these facing pages. The variety scems to indicate that acrospace engineers,
given the opportunity and challenge, can come up with a number of scemingly far-reaching
configurations, all of which might achieve the desired result.
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and $300 000 to MSFC for contractor-related studies, compared to OART’s
funding to LaRC of $800 000.

Maxime A. Faget stated that MSC was revising sonie of its earlier plans for space
station studies to include a thorough operational analysis so that rational cost-
based decisions could be made in 1964. He observed that cost would be a very
important—if not the most important—{actor in any early space station program
decision, thus dictating a simple design for the vehicle.

Clint Brown, representing Langley, agreed with Faget's views and announced
that LaRC had reorganized its original space station steering group and had re-
oriented and broadened their conceptual design studies, with greater emphasis
upon simplicity of configuration and syitem design. Although Brown and Faget
disagreed on the principal justification for a space station program (Faget viewed
it as a support for a future manned flight to Mars, while Brown argued primarily
its usefulness as a research laboratory for a variety of NASA research elements),
both agreed on the desirability of bringing all of the Agency’s Program Offices
(such as the Office of Space Science and Applications) into the planning picture.
All the participants at this meeting agreed that a paramount objective for imme-
diate planning was to definc program objectives for a space station—what roles it
would fill and what purposes it would be designed to accomplish.

Memorandum, W. E. Stoney, NASA Hgq, to R. L. Bisplinghoff, NASA Hgq, “OART-
OMSF and Center Mecting on Space Station Studics,” 5 October 1962.

Joseph F. Shea, Deputy Dircctor for Systems, Office of Manned Space Flight,
solicited suggestions from ecach of the Headquarters' Program Offices and the
various NASA Centers on the potential uses and experiments for a manned
space station. Such idcas, Shea explained, would help determine whether
adequate justification existed for such a space laboratory, either as a rescarch
center in space or as a functional satcllite. Preliminary studies already conducted,
he said, placed such spacecraft within the realm of technology feasibility, and,
if a decision were made to go ahead with such a project, NASA could
conceivably place a station in Earth orbit by about 1967. Shea cmphasized,
however, that any such decision depended to a great extent on whether adequate
justification existed for a space station. In seeking out ideas from within the
agency, Shea called for roles, configurations, system designs, and specific scientific
and engincering uses and requirements, emphasizing (1) the importance of a
space station program to science, technology, or national goals; and (2) the
unique characteristics of such a station and why such a program could not be
accomplished by using Mercury, Gemini, Apollo, or unmanned spacecraft.
Finally, he stated that general objectives currently cnvisioned for a station
were as a precursor to manned planctary missions and for broad functional and
scientific roles.

Memorandum, Joseph F. Shea to Dist., “Definition of Potential Applications for
Manned Space Station,” 17 October 1962,
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Owen E. Maynard, Head of MSC’s Spacecraft Integration Branch, reported
on his preliminary investigation of the feasibility of modifying Apollo space-
craft systems to achieve a 100-day Earth-orbital capability. His investigation
examined four basic areas: (1) mission, propulsion, and flight time; (2) rendcz-
vous, reentry, and landing; (3) human factors; and (4) spacecraft command and
communications. Although modifications to some systems might be extensive—
and would involve a considerable weight increase for the vehicle—such a mission
using Apollo hardware was indeed feasible.

Memorandum, Owen E. Maynard to Chief, Spacecraft Technology Div., “Systems
Investigation of a 100-Day Earth Orbital Operation for Apollo,” 12 December 1962,
with enclosure, same subject.

MSC researchers compiled a preliminary statement of work for a manned space
station study program in anticipation of study contracts to be let to industry for
a supportive study. The study requirements outlined the general scope of such
investigations and suggested guidelines for research areas such as configurations,
onboard spacecraft systems, and operational techniques. Ideally, studies by
aerospace companies would help NASA formulate a logical approach for a space
station program and how it might be implemented. Throughout the study, an
overall objective would be simplicity: no artificial gravity and maximum use of
existing launch vehicles and spacccraft systems to achieve the earliest possible
launch date.

MSC, General Requirements for a Study Proposal for a “Zero-Gravity” Manned Or-
bital Laboratory, 15 December 1962.

Addressing an Institute of Aerospace Science meeting in New York, George von
Tiesenhausen, Chief of Future Studies at NASA’s Launch Operations Center,
stated that by 1970 the United States would need an orbiting space station to
launch and repair spacecraft. The station could also serve as a manned scientific
laboratory. In describing the 91-m-long, 10-m-diameter structure, von Tiesen-
hausen said that the station could be launched in two sections using Saturn G-5
vehicles. The sections would be joined once in orbit,

Future Studies Branch Activities Report, Fiscal Year 1963, TR—4-17-3-D, 19 August
1963, p. 31.

MSC proposed building a manned space station using hardware already under
development for the Apollo program. MSC’s plan called for an orbiting station
with a capacity for 18 crewmen. Manning would be accomplished through
successive flights of six-man, modified Apollo-type spacecraft that would rendez-
vous with the station in orbit.

Astronautics and Aeronautics, 1963, pp. 77-78; Baltimore Sun, 2 March 1963.

Testifying before the House Committee on Science and Astronautics, NASA
Deputy Administrator Hugh L. Dryden described the Agency’s studies of post-
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Apollo space projects. Among “obvious candidates,” Dryden cited a manned
Earth-orbiting laboratory, which was a prerequisite for manned reconnaissance
of the plancts. Many preliminary design studies of the technological feasbility
of a large space laboratory had been made, Dryden said. But technical feasibility
alone could not justify a project of such magnitude and cost. “We are attempting
to grasp the problem from the other end,” he said, **. . . to ask what one can
and would do in a space laboratory in specific fields of science and technology
with a view to establishing a realistic and useful concept. . . . The program
must be designed to fulfill national needs.”

U.S. Congress, House, Committee on Science and Astronautics, 1964 NASA Authori-
zation: Hearings on H.R. 5466 (Superseded by H.R. [500), 88th Cong., Ist sess.,, 4-5
March 1963, p. 20.

Associate Administrator Robert C. Seamans, ]Jr., asked Abraham Hyatt of
Headquarters to organize a task team to study the concept of a Manned Earth
Orbiting Laboratory.

Seamans pointed out that such a laboratory was under consideration by several
government agencies and that NASA and the Department of Defense were at
that time supporting a number of advanced feasibility studies. He said that such
a laboratory bore a very heavy interrelationship between manned space flight,
space sciences, and advanced rescarch and technology and that NASA’s top man-
agement was faced with the decision whether to initiate hardware development.
Hyatt's team thus must examine broadly the needs of an orbiting laboratory
from NASA's viewpoint, as well as that of outside agencies, and the operational
and scientific factors impinging on any possible decision to undertake hardware
development.

Memorandum, Robert C. Secamans, Jr., to Dist,, “Special Task Team for Manned
Earth Orbiting Laboratory Study,” 28 March 1963.

Christopher C.. Kraft, Jr., John D. Hodge, and William L. Davidson of MSC’s
Flight Operations Division met at Langley with a large contingent of that
Center’s rescarch stafl to discuss LaRC'’s proposed Manned Orbital Research
Laboratory (MORL). Langley spokesmen briefed their Houston visitors on the
philosophy and proposed program phases leading to an operational MORL.
Kraft and his colleagues then emphasized the need for careful study of operational
problems involved with the MORL, s well as those associated with the smaller
crew ferry and logistics supply vehicles. Specifically, they cited crew selection
and training requirements, the need for @ continuous recovery capability, com-
munications requirements, and handling procedures for scientific data.

Memorandum, William L, Davidson to Chief, Flight Operations Div., “Notes on Lang-
ley Research Center's (LaRC) Proposed Manned Orbital Rescarch Laboratory

(MORL),” 18 April 1963,
ORIGINAL PAGE Ib
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PART I: EARLY SPACE STATION ACTIVITIES

MSC announced two space station study contracts to compare concepts for a
24-man orbital laboratory: one with the Lockheed Aircraft Corporation and
another with Douglas Aircraft Company, Inc., Missiles and Space Systems
Division. The stations were to be designed for a useful orbital lifetime of about
five years, with periodic resupply and crew rotations.

Douglas Aircraft Co., Report SM 45878, Douglas Orbital Laboratory Studies, January
1964.

In a meeting with a number of people from MSC’s Spacecraft Technology an.
Instrumentation and Electronic Systems Divisions, J. E. Clair from Bendix
Eclipse-Pioneer Division gave a progress rcport on the company’s study of
stabilization techniques for high-resolution telescopes aboard manned space
vehicles (work done under a centract awarded 9 November 1962). In part,
MSC’s purposc was to ensure that Bendix's study reflect the Center’s current
definition of space stations. Clair and the MSC contingent explored a number
of technical problems for different vehicle configurations, including pointing
accuracy, fields of view, and physical location aboard the vehicle.

Memorandum, R. L. LaBlanc, MSC, to Deputy Chief, Instrumentation and Electronic
Systems Div., “Conference with Bendix Eclipse-Pioneer Representatives on June 20,
1963,” 17 July 1963.

LaRC Director Floyd L. Thompson announced that two aerospace firms, The
Boeing Company of Seattle and Douglas Aircraft Company, Inc., of Santa
Monica, had been selected for final negotiations for study contracts of a Manned
Orbital Research Laboratory (MORL) concept. Results of the comparative
studies would contribute to NASA's research on ways to effectively use man in
spacc. Although no officially approved project for 2n orbital laboratory existed
at the time, research within the agency over the past several years had developed
considerable technology applicable to multimanned vehicles and had fostered
much interest in such a project. Langley’s MORL concept envisioned a four-
man Workshop with periodic crew change and resupply, with at least one crew
performing a year-long mission to cvaluate the cffect of weightlessness during
long-duration space flights.

Douglas Aircraft Co,, Report No. SM i 1878, Douglas Orbital Laboratory Studies,
January 1964,

In a report to the Aeronautics and Astronautics Coordinating Board, Director
of Manned Space Flight D. Brainerd Holmes and Air Force Undersecretary
Brockway McMillan, cochairmen of the Manned Space Flight Panel, set forth a
number of recommendations for bringing about a closer coordination between
NASA and the Department of Defensc (DOD) in manned space station studies.
Although some coordination between the two agencies already cxisted, direct
contact was inadeg:ate, especially at the .« hnical level. Holmes requested all
NASA program offices and those field centers involved in space station work to
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Rene A. Berglund, Chief of MSC’s Space Vehicle Design Branch, is shown with
models of the modular space station he designed, for which he carned a cash
award from the NASA Inventions and Contributions Panel in July 1963. The
one on the right is the launch configuration for the orbital revision on the left.

comply with the Panel’s recommendations for thorough interchange of study
work and information with DOD.

Memorandum, D. Brainerd Holmes to Dist,, “NASA/DOD Coordination on Space
Station Programs,” 10 July 1963, with enclosure, “Report to the Acronautics and
Astronautics Coordinating Board from the Manned Space Flight Panel.”

At Seattle, five men began a 30-day engineering test of life support systems for a
manned space station in The Boeing Company space chamber. The system,
designed and built for NASA's Office of Advanced Research and Technology,
was the nation’s first to include all life-support cquipment for a multimanned,
long-duration space mission (including environmental control, waste disposal,
and crew hygienc and food techniques). In addition to the life support equip-
ment, a number of crew tests simulated specific problems of space flight.

Five days later, however, the simulaicd mission was halted because of a faulty
reactor tank.

NASA News Release 63- 155, “Thirty-Day Life Support System Being Tested for
NASA,” 16 July 1963; Cleveland Plain Dealer, 21 July 1963.
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At the request of NASA Hgq, MSC contiacted with North American to determine
what engineering modifications to the basic Apollo spacecraft would be required
to extend that vehicle’s mission capabilities to a 100-day orbital lifetime. Al
though the study contract was handled chicfly by the Space Vehicle Design
Branch of the Spacecraft Technology Division, Engineering and Development
Director Maxime A. Faget requested that all elements of his directorate lend
support as required to achieve a meaningful and useful effort, including
in-house study efforts if nceded. Also, Faget described the vehicle model that
served as the basis for the study: a space laboratory for either a two- or three-man
crew; an orbital altitude of from 160 km to 480 km; an orbital staytime of about
100 days without resupply; and launch aboard a Saturn IB. He stated that
two separate vehicles were under consideration, an Apollo command module
and a command module and separate mission module to be used as living quarters,

Memnorandum, Maxime A. Faget to Dist,, “100-day Apolle, study support,” 30 July
1963.

NASA and the DOD concluded a joint agreement to coordinate all advanced
space exploration studies and any actual programs undertaken in the area of
a manned orbital research station. The two agencies agreed that, to the Jreatest

<xtent possible, future requirements in this arca should be encompassed in a single
project.

“Agreement Between the Departmernt of Defense and the National Aeronautics and
Space Administration Covering a Pussible New Manned Earth Orbital Research and
Development Project”; NASA News Release 63-231, “NASA-DOD Agree on Com-
mon Approach to a Manned Orbital Pesearch and Development Project,” 17 October
1963.

A “flving carpet” escape systemi from orbital space st .icns had been provosed
by Douglas Aircraft Company. The ¢scape system would be a saucer shape that
would expand into a blunt-nosed, cone-shaped vehicle 7.6 m across at its base.
The vehicle would act as its own brake as it passed through the atmosphere.
Reentry heating problems would be met by using fabrics woven with filaments
of nickel-based allcys.

Space Business Daily, 9 October 1963, p. 52; Astronautics and Aeronautics, 1963, p.
383.

NASA anrnounced the selection of 14 new astronauts: Edwin E. Aldrin, Jr.,
William A. Ande:s. Charles A. Bassett II, Michael Collins, Donn F. Eisele,
Theodore C. Freeman, and David R, Scott from the Air Force; Alan L. Bean,
Eugene A. Cernan, Roger B. Chaffee, and Richard F. Gordon, ]r., of the Navy;
Clifion C. Williams, Jr., United States Murine Corps; and R. Walter Cunning-
ham and Russell L. Schweickart, civilians. This latest addition to the astronaut
corps brought the total number of NASA astronauts tc 30.

MSC News Release 63180, 18 October 1963.
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The Director of Advanced Research and Technalogy, Raymond L. Bisplinghoff,
asked the several ficld centers to conduct a ‘horough assessment of the potential
utility of a manned orbiting laboratory to conduct scientific and technological
rescarch in space. To date, Bisplinghoff said, the prevailing view (based pn-
marily on intuitive judgment) saw such rescarch as one of the most important
justifications for an orbital laboratory. An accurate assessment of its potential
was essential so that, as a preliminarv to undertaking such a project, any such
decision would rationally examine whether such a project should be undertaken
and what type of laboratory should be built.

Letter, Raymond L. Bisplinghoff, NASA Hgq, to Dist., “Request for assistance in defin-
ing the scientific and technological research potential of a manned orbital laboratory,”
31 October 1963.

North American issued the final report of its study for MSC on cxtended missions
for the Apollo spacecraft. In stressing the supreme importance of man’s role
in the cxploration of spacc—and the uncertainties surrounding the cffects of
prolonged exposure to the zero-gravity environment of space—the company
suggested that an Earth-orbital laboratory would be an idcal vehicle for such
long-term cxperimental evaluation, with missions exceeding a vear’s duration. The
more immediate approach to meeting the demands for such missions was through
modification of existing vehicle systems rather than the development of com-
pletely new space hardware. In the remainder of the report, the company gave
detailed descriptions of how Apollo systems might be modified to meet the
requirements of extended missions, ranging {rom the basic command and service
module to a separate laboratory and habitable module with self-contained systems
and lifc-support cquipment. All such basic concepts werc technically sound and
could satisiy mission objectives with minimum costs and development time.

North American, SID Report 63-1370-12, Extended-aiission Apollo Study, Final
Report, 24 November 1963, pp. 1-5, 19-20.

Secretary of Defense Robert S, McNamara announced cancellation of the X-20
Dyna Soar project at a news briefing at the Pentagon. McNamara stated that
fiscal resources thereby saved would be channeled into broader rescarch on the
problems and potential value of manned military operations in space, chiefly
the Manned Orbiting Laboratory (MOL) project. These decisions on the X-20
and MOL had been discussed and coordinated with NASA, and, although the
Air Force reccived responsibility for the MOL project, NASA would continue to
provide technical support.

DOD News Bricfing with Hon. Robert S. McNamara, Seeretary of Defense, The
Pentagon, 10 December 1963.

NASA Hq advised the centers regarding the agency’s official position vis-a-vis
the Defense Department’s Manned Orbiting Laboratory project. Both NASA
and DOD viewed MOL as a project designed to fulfill immediate military re-
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quirements. The project could not be construed as meeting the much broader 1963

objectives and goals of & national space station program being studied by both
L o ‘ ¢ o December

arganizations under post-Apollo research and development program policy agree-

ments between NASA Administrator James E. Webb and Sccretary of Defense

Robert . McNamara (dated 14 Scptember 1963).

TWX, NASA Hq to Dist., 19 December 1963,

MSFC Director Wernher von Braun described to Apollo Spacecraft Program 26
Manager Joseph F. Shea a possible extension of Apollo syriems to permit more
extensive explorition of the lunar surface. Huntsville’s concept, called the Inte-
grated Lunar Exploration System, involved a dual Saturn V mission (with rendez-
vous in lunar orbit) to deliver an integrated lunar taxi/shelter spacecraft to
the Moon's surface. Wernher von Braun stated that, though this concept was
most preliminary, such a vehicle could bridge the gap between present Apollo
capabilitics and the longer term goal of permanent lunar bases, (Although this
suggestion never found serious favor clsewhere within the agency, such thinking
and ideas were indicative of speculation throughout NASA generally regarding
possible applications of Apollo hardware to achieve other space goals once the
paramount goal of a lunar landing was achieved.)

Letter, Wernher von Braun, MSFC, to Shea, MSC, 26 December 1963,

MSC Director Robert R, Gilruth apprised George E. Mueller, Associate Adminis- 3
trator for Manned Space Flight, of recent discussions with officers from the Air

Force's Space Systems Division regarding MSC’s joint participation in the

MOL project in the arca of opcrational control and support, Such joint cooper-

ation might comprise two Separate arcas: manning requirements for the control

center and stafling of actual facilities. Gilruth suggested that such joint coopera-

tion would work to the benefit of both organizations involved. Furthermore, be-

cause a number of unidentified problems inevitably existed, he reccommended the

creation of a joint NASA- Air Force group to study the entire question so that

such uncertainties might be identified and resolved,

Letter, Robe': R. Gilruth to icorge E. Mueller, NASA Hgq, “Operational Support
for the USAY Marned Orbiting Laboratory,” 31 December 1963,

In an interview for Space Business Daily, Edward Z. Gray, Director of Advanced 1964
Studies in NASA’s Office of Manned Space Flight, predicted that NASA’s
manned space station would be more sophisticated than the Defense Depart-
ment’s Manned Orbiting Laboratory. NASA had more than a dozen study 8
projects under way, Gray said, that when completed would enable the agency

to appraise requirements and pursue the best approach to developing such a

space station,

January

Spcce Business Daily, 8 January 1964, p. 34,
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James J. Haggerty, Jr space Editor for the Army-Nawy Air Force Journal and
Register, called the assignment of the Manned Orbiting Laboratory to the Depart-
ment of Defense “an ominous harbinger of a reversal in trend, an indication
that the military services may play a more prominent role in future spacc explora-
tion at NASA's expense. . - Whether you label it development platform,
satellite platform, satellite or laboratory, it is clearly intended as a beginning
for space station technology. It is also clearly the intent of this administration
that, at least in the initial stages, spacc station development shall be under

"

military rather than civil cogmizance. . - -

Arm)'-Navy-Air Force Journal and Register, 11 January 1964, p. 10.

Following completion of feasibility studies of an extended Apollo system at
MSC, Edward Z. Gray, Advanced Manned Missions Program Director at Head-
quarters, told MSC’s Maxime A. Faget, Director of Engincering and Develop-
ment, to g0 ahead with phase I follow-on studies. Gray presented guidelines and
suggested tasks for such a stady, citing his desire for two separate contracts to
industry to study the command and service modules and various concepts for
laboratory modules.

Letter, Edward Z. Gray to Maxime A. Faget, 15 January 1964, with enclosure, “Ex-
tended Apollo, Phase 11.”

In the wake of the Air Forces Manned Orbiting Laboratory project and the
likelihood of NASA's undertaking some type of manned orbiting research labora-
tory, Director of Advanced Manned Missions Studies Edward 7. Gray sought
to achieve within NASA a better understanding of the utility of such projects
as a basc for experiments in space. Accordingiy, he created three scparate work-
ing groups to deal with possible experiments in three scparate categories: (1)
bio-medical, (2) ccientific, and (3) cnginee: -

Memorandum, Edward Z. Gray, NASA Hgq, to Wernher von Braun, MSFC, “Estab-
lishment of an Orbital Rescarch  Laboratory Engincering Experiments Working
Group,” 3 March 196+

The Lockhccd-Californin Company released details of its recommendations to
MSC on a scientific space station program. The study concluded that a manned
station with a crew of 24 could be orbiting the Farth in 1968. Total cost of the
program including logistics sp;u‘ccrz\h and ground support was cstimated  at
$2.6 billion for five years’ operation. Lockheed’s study recommended the use ofa
Saturn V to launch the unmanned laboratory into orbit and then launching 2
manned logistics vehicle to rendezvous and dock at the station.

MSC Roundup. 4 March 1964, p. 8.

Fdward 7. Gray, Advanced Manned Missions Director in the Ofhce of Manned
Space Flight, asked LaRC Director Charles J. Donlan to prepare @ Project
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Development Plan for the Manned Orbital Research Laboratory, studies for
which were already underway at the Center and under contract, This plin was
needed as documentation for any possible decision to initiate an orbital research
laboratory project. (Gray had also asked MSC to submit similar plans for an
Apollo X, an Apollo Orbital Research Laboratory, and a Large Orbital Research
Laboratory.) In addition to the Project Development Plan, Gray asked for sys-
tem specifications for cach candidate orbital laboratory system; both of these
would form the basis for a project proposal with little delay “should a climate
exist in which a new project can be started.”

Letter, E. Z. Gray 10 C. J. Donlan, 12 March 1964.
r

A study to recommend, define, and substantiate a logical approach for establish-
ing a rotating manned orbital rescarch laboratory for a Saturn V launch vehicle
was made for MSC. The study was performed by the Lockheed-California Com-
pany, Burbank, California. It was based on the proposition that a large rotating
space station would be one method by which the United States could maintain
its position as a leader in space technology. Study results indicated that no major
state-of-the-art advances would be required for a rotating space station program,
If the program was to be implemented, maximum utilization could be made
of the technologics, cquipment, and facilitics developed for the Mercury, Gemini,
and Apollo programs. Significant reductions in cost, development time, and

technological risk for a large rotating space station program would thercby be
obtained.

Four principal objectives were established for the study: study of alternate con-
figurations, conceptual design of a rotating station, selection of station systems,
and a program plan ‘or the rotating station. Ground rules and guidelines were
established to limit, define, and focus the studies. A summary of these follows,

* The launch vehicle was to be a two-stage Saturn V. Launch was to be
from Cape Canaveral, Florida, in July 1968; the period from 1967 to 1970 was
to be considered.

* The station was to be fully operational for one to five years,

* The space station was to be launched unmanned.

* Crew size was to be 24 men.

* The space station would be capable of remaining in the unmanned con-
dition for a minimum period of one month.

* Meteoroid and radiation environment was as specified by NASA--MSC.

* Cabin pressure was to be variable from 24 to 101 kilonewtons per sq m
(3.5 to 14.7 psia) within any one module or the zero-gravity laboratory, with the
normal value being 48 kilonewtons per sq m (7.0 psia),

* Design criteria for the life support system were those specified by NASA.

* The space station was to e designed to accommodate emergencies, and
rapid egress would not be a primary design constraint.

* Crew duty cycles would vary between three months and one year
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* The basic resupply period would be 90 days; however, variations to this
period would be considered.

» Logistic spacecraft to be considered would include the 12-man ballistic
or lifting body designs or a 6-man modified Apollo.

* Maximum use would be made of alrcady available or planned cquipment
and technology or modest extensions thereof.

If the Gemini and Apollo programs were continued at the current pace, research
requirements for implementing a large rotating space station were few. These
requirements were

Aeronaulics

No aeronautics problems, as such, were anticipated; however, continuing re-
scarch on the properties of the atmosphere at the orbital altitude would
allow more accurate prediction of orbit decay rates.

Biotechnology and Human Research

Research to define more precisely the radiation environment and its effects
on man should be continued. In connection with this work, better methods
of measuring radiation dosage to man and of prognosis of potential damage
were required.

Continuing research on the long-term effects of reduced gravity and methods
of counteracting such cffects were necessary. Major contributions would be
made in the Gemini and Apollo programs.

Analysis and experimentation in the area of crew performance under re-
duced or zero gravity would aid in the design of equipment for both oper-
ations and maintenance.

Environmental and Stabilization Conlrols

Active systems had been proposed for stabilizing the rotating space station.
Research in the arca of passive stabilization devices would provide both in-
creased reliability and decreased power consumption.

Environmental control on the space station would use currently available
hardware, with the exception of the oxygen regeneration unit. The proposed
arrangement would make use of the Bosch process, which requires a large
amount of clectrical power for the electrolysis of water. Research would be
required on the clectrolysis process and on alternative means of reclaiming
oxygen.

Materials and Structures

Continuing rescarch on the meteoroid environment and on penetration me-
chanics and hazards of penctration, bascd on representative space_station
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1964 C. Howard Robins, Jr., and others in the MSC Advanced Spacecraft Technology

Division investigated the suitability of and formulated a tentative mission flight

plan for using a Gemini spacecraft to link up with an orbiting vehicle to achieve

29 a long-duration space mission (dubbed the “Pecan” mission). The two crewmen
were to transfer to the Pecan for the duration of the mission. As with similar in-
vestigations for the application of Apollo hardware, the scheme postulated by
Robins and his colleagues emphasized maximum use of existing and planned
hardware, facilities, and operational techniques.

April

Howard C. Robins, Jr., “On the Establishment >f a Nominal Flight Plan for the
Gemini-Pecan Mission,” MSC Internal Note No. 54~-EA-22, 29 April 1964.

June Secretary of the Air Force Eugene M. Zuckert announced that three firms, Doug-
las Aircraft Company, General Electiic Company, and The Martin Company,
had received authorization to begin work on space station studies. Zuckert pre-
dicted also that the Titan IIT would be test-flown that summer and would launch
the Manned Orbiting Laboratory sometime in 1967 or 1968.

Astronautics and Aeronautics, 1964, p. 205.

During The recent creation of the Apollo Logistic Support System Office in Washington

M'::m prompted the formal investigation of a variety of extensions of Apollo hardware
to achieve greater scientific and exploratory dividends from Apollo hardware.
Director of Special Manned Space Flight Studies William B. Taylor suggested to
William E. Stoney and others in Houston that Grumman receive a study contract
to investigate nossible modifications to the lunar excursion module (LEM) to
create a LEM truck (concepts which the company had already investigated pre-
liminarily on an in-house basis). The time was appropriate, Taylor said, for more
intensive and formal efforts along these lines.

Letter, William B. Taylor, NASA Hgq, to William E. Stoncy, MSC, “LEM Truck,”
24 June 1964.

duly A study submitted to NASA by Douglas Aircraft Company concluded that a six-
man space research station, capable of orbiting for onc year, could be orbiting the
Earth within five years. The crew, serving on a staggered schedule, would travel
to and from the station on modified Gemini or Apollo spacecraft. The station
would provide a small degree of artificial gravity by rotating slowly and would
include a centrifuge to simulate rcentry forces.

14

Douglas Aircraft Co., Report No. SM-45873, Douglas Orbital Laboratories Studies,
July 1964,

7 Commenting on Republican Presidential candidate Barry Goldwater’s views on
the space program, Warren Burkett, science writer for the Houston Chronicle,
observed that a great deal of rescarch being conducted as part of NASA’s Apollo
program could be of direct value to the military services. Burkett contended that
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an orbital laboratory using Apollo-developed components could be used for such 1964
military applications as patrol and orbital interception. He suggested that, with Joly

f Apollo, NASA was generating an inventory of “off-the-shelf” space hardware
| suitable for military use if needed.

. Houston Chronicle, 26 July 1964.

Willis B. Foster, Director of Manned Space Science in the Office of Space Science Avgust
and Applications, distributed a preliminary draft report of the Ad Hoc Astronomy
Panel of the Orbiting Rescarch Laboratory (ORL). The pancl, which met on
26 October 1963 and again on 24 Junc 1964, was created to sound out the Amer-
ican scientific community on the validity of manned astronomy in space and to
define astronomy objectives for the ORL mission. The panel promulgated a
broad statement on the scope and direction of the manned space astronomy pro- 1
gram, Although sounding rocket and unmanned satellite programs had merit, :
the panel stated that broader, more flexible-——and ultimately more economical—
astronomy programs required the presence of man in space. Initial manned as-
tronomy programs should be carried out as soon as possible, and, although pri-
mary interest was on Farth-orbital systems, the panel clearly was looking forward
to the eventual possibility of lunar surface observatories.

3
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The Ad Hoc Astronomy Panel also presented a comprchensive rationale for man’s
role in space astronomy: assembly of large, bulky, or fragile equipment in spzce;
maintenance, repair, and modification of equipment; and direct monitoring of
scientific apparatus and immediate data feedback during critical periods and for
specialized opcrations. While recognizing that the presence of flight-oriented as-
tronauts was mandatory aboard an ORL, the pancl recommended inclusion in the ;
crew of a qualified astronomer to direct scientific operations aboard the laboratory. 3

Letter, Willis B. Foster, OSSA, to A. D. Code, University of Wisconsin, 3 August 1964.

MSC’s Spacccraft Integration Branch proposed an Apollo “X” spacecraft to be 17
used in Earth orbit for biomedical and scientific missions of extended duration.
The spacecraft would consist of the lunar Apollo spacecraft and its systems, with
minimum modifications consisting of redundancies and spares. The concept pro-
vided for a first-phase mission which would consider the Apollo “X” a two-man
Earth-orbiting laboratory for a period of 14 to 45 days. The spacecraft would be
boosted into a 370-km orbit by a Saturn IB launch vehicle. Variations of config-
urations under consideration provided for Configuration A, a two-man crew, 14-
to 45-day mission, no lab module; Configuration B, a three-man crc:., 45-day
mission, single lab module; Configuration C, a three-man crew, 45-day mission,
dependent systems double lab module; and Configuration D, a three-man crew,
120-day mission, independent systems lab module. C

MSC Internal Note No. 64-ET-53, “Apollo Systems Extension, Apolio ‘X,’ Descrip-
tion and Mission Interrelationships,” 17 August 1964.
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The Apollo “X” spacecraft as it was &_': ;
visualized in both launch and I EARTH ORBIT E
Earth-orbit configurations by per- (> 45 DAYS)
sonnel of the MSC Spacecraft In-
tegration Branch in August 1964. LAUNCH CONFIGURATION

1964 A background briefing for the press regarding astronomy programs was held in

Washington. Nancy Roman, who directed the agency’s astronomy activities, dis-

closed that NASA was studying the feasibility of a manned orbiting telescope. Al-

24 ‘though the telescope would be designed to operate automatically, man would
adjust its focus, collect film packets, and make any necessary repairs. The space 3
agency had already invited members of the scientific community to propose astro-
nomical studies suitable for usc in space, and several NASA centers were per-
forming related engineering support studies.

September

Astronautics and Aeronautics, 1964, p. 327.

October In an interview for Missiles and Rockels magazine, Associate Administrator Rob-
ert C. Seamans, Jr., stated that NASA planned to initiate program definition
studies of an Apollo X spacecraft during Fiscal Year 1965. Scamans emphasized
that such a long-duration spacc station program would not receive funding for
actual hardware development until the 1970s. He stressed that NASA’s Apollo X
would not competc with the Manned Orbiting Laboratory program: “MOL is
important for the military as a method of determining what opportunities there
are for men in space. It is not suitable to fulfill NASA requirements to gain sci-
entific knowledge.”

26

Missiles und Rockets, 26 October 1964, p. 14,

Decamber In a letter to Apollo Program Director Samuel C. Phillips regarding tentative

. spacecraft development and mission planning schedules, Joseph F. Shea, Apollo
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Above is a draftsman’s completed work, taken from a rough sketch prepared by
Wernher von Braun on 24 Noveinber 1964. All the descriptive material on either
side of the conceptual space station was taken directly from von Braun’s penciled

sketch.

Spacecraft Program Manager, touched upon missions following completion of 1964
Apollo’s prime goal of landing on the Moon. Such missions, Shea said, would in
general fall under the heading of a new program (such as Apollo X). Although
defining missions a number of years in the future was most complex, Shea advised
that MSC was planning to negotiate program package contracts with both North
American and Grumman through Fiscal Year 1969, based upon the agency’s
most recent program planning schedules.

December

Letter, Joseph F. Shea, MSC, to Samuel C. Phillips, NASA Hq, ! December 1964,

In a letter to President Lyndon B. Johnson, Senator Clinton P, Anderson, Chair- 7
man of the Committee on Aeronautical and Space Sciences, recommended that

the Air Force’s MOL and NASA’s Apollo X programs be merged. Senator An-

derson argued that a jointly operated national space station program would most

effectively use the nation’s available resources, He claimed that $1 billion could

be saved during the next five years if the MOL were canceled and those funds

applied to NASA’s Apollo-based space station program,

In mid-December, Anderson issued a statement saying that the Department of
Defense and NASA had worked out an agreement on MOL and Apolle X that in
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1964 large measure answered the questions he had earlier raised. “The Air Force and
NASA will take advantage of cach other’s technology and hardware develop-
ment,” Anderson said, “with all efforts directed at achievement of a true space
laboratory as an end goal.”

Decembar

Astronautics and Aeronautics, 1964, pp. 382, 425.

n LaRC announced award of a 10-month contract to The Boeing Company to
study the feasibility of designing and launching a manned orbital telescope and to
investigate ways in which such an ‘astronomical observatory might be operated,
particularly the role that man might play in scientific observations. The study
presumed that the telescope would be operated in conjunction with the proposed
Manned Orbital Research Laboratory being investigated by Langley.

Astronautics and Aeronautics, 1964, p. 415, cites LaRC Release,

1965 Defense Secretary Robert S. McNamara announced that the Department of De-

fense was requesting proposals from the aerospace industry for design studies to

support development of the MOL (especially cost and technical data). Three con-

23 tractors would be chosen to conduct the studies, a step preliminary to any DOD
decision to procced with full-scale development of the space laboratory.

January

Astronautics and Aeronautics, 1965, p. 27, cites DOD News Relcase 42-65,

February Testifying before the House Committee on Science and Astronautics during hear-
ings on NASA'’s Fiscal Year 1966 budget, Associate Administrator for Manned
Space Flight George E. Mueller briefly outlined the space agency’s immediate
post-Apollo objectives: “Apollo capabilitics now under development,” he said,
“will enable us to produce space hardware and fly it for future missions at a small
fraction of the original development cost. This is the basic concept in the Apollo
Extension System (AES) now under consideration.” Mueller stated that the
Apollo Extension System had “the potential to provide the capability to perform
a number of useful missions utilizing Apollo hardware developments in an earlier
time frame than might otherwisc be expected. This program would follow the
basic Apollo manned lunar landing program and weuld represent an intermediate
step between this important national goal and future manned space flight
programs.”

U.S. Congress, House, Co' .mittee on Science and Astronautic , 1966 NASA Authori-
. zation: Hearings on H.R, 3730 (Superseded by H.R. 7717), 89th Cong., st sess.,
1965, pp. 111-115,

23 In a major policy meeting at Headquarters, among George E. Mueller, Associate
Administrator for Manned Space Flight (OMSF), Homer E. Newell, Associate
Administrator for Space Science and Applications (OSSA), and members of their
stafls, a fundamental policy agreement was worked out regarding responsibilities
for scientific experiments aboard manned space flights. Basically, OSSA had re-
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This original spacecraft design concept prepared in early 1965 by Willard M. Taub,
MSC, for William E. Stoney, Jr., Chief of MSC’s Spacecraft Technology Divi-
sion, was used as a basis for later, more detajled spacecraft designs of the S-1VB
Workshop. 1t has also been referred to extensively in discussing the most prac-
tical space station configurations.

sponsibility for definition of experiments, selection and coordination with experi-
menters, and, after the flight, analysis and dissemination of scicntific data; QMSF
was responsible for actua] flight hardware, as well as integration into the space
vehicles and actual condyct of the mission. Funding responsibilities betwezn the
respective offices followed the same pattern.

Memorandum, R, J. Allenby, NASA Hq, to Genrge E, Mueller, OMSF, and Homer E.
Newell, OSSA, “Minutes of Newell-Mueller Meeting of 23 February 1965, 19 April
1965, with enclosure, “Memorandum of Agrecmen; Between Office of Mann

ed Space
Flight [and] Office of Space Sciences andl Applications, Scientific Interfaces,”

MSC Assistant Director for Engineering and Development Maxime A. Faget sub-
mitted to NASA Hq the Center’s Plans for Fiscal Year 1966 Apollo Extension
System program definition and subsystermns development efforts. The information
submitted was based on MSC's AES study and supporiing development efforts
and was broken down into several categories in line with guidelines laid down by
the Office of Manned Space Flight: program definition, verification of the capa-
bilities of Apollo subsystems for AES; definition and initial development of ex-
Periment payloads and payload support: long leadtime development of primary
spacecraft systems critical to achieving minimum AES objectives (i.c., four to six
weeks orbital capability and up to two weeks on the lunar surface); and develop-

’

ment of improved or alternate subsystems that would extend AES capabilities up
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to three months in Earth orbit. Tasks in support of these objectives, Faget stated,
fell into two priorities: (1) those tasks required to verify an carly AES capability;
and (2) tasks in support of later AES missions and for system improvement. Those
tasks having immediate priority, therefore, demanded the “hard core” of AES
funding essential to mect the carly AES flight dates.

Letter, Maxime A. Faget, MSC, to E. Z. Gray, NASA Hq, “FY 1966 AES program
definition and subsystem development program submission (905),” 4 May 1965,

LaRC awarded Douglas Aircraft Company a follow-on study contract for the
MORL, emphasizing use of the AES program as a prerequisite to the MORL.
Douglas was to examine particularly interfaces between AES experiments and
missions and the MORL program.

LaRC Contract NAS 1 3612,

NASA announced selection of six scientist-astronauts to begin specialized training
at MSC for the Apollo program. The men, chosen by NASA from a group of
16 nominated by the National Academy of Sciences, included one geologist, two
physicians, and three physicists.” The six new spacemen were Owen K. Garriott of
Stanford University; Edward G. Gibson of the Acronutronic Division of Philco;
Duane E. Graveline, a flight surgeon at MSC; Joseph P. Kerwin, a Navy flight
surgeon; Frank C. Michel of Rice University; and Harrison H. Schmitt, an
astrogeologist for the U.S. Geelogical Survey.

NASA News Release 65 212, “NASA Selects Six Scientist-Astronauts for Apollo
Program,” 28 Junc 1965.

NASA Associate Administrator Robert C. Seamans, Jr., named the Deputy Asso-
ciate Administrator for Programming to coordinate the agency's responses to
other governmental agencies regarding post-Apollo program planning and re-
view. At present, Seamans said, considerable interest concerning NASA's post-
Apollo plans existed in the space committees of both the Senate and the House of
Representatives; the President’s Science Advisory Committee; the Office of Sci-
ence and Technology; the Naticn' ' Acronautics and Space Council; and the
Burcau of the Budget. All were deeply involved in policy planning of direct
concern to NASA. During forthcoming months, he emphasized, it was imperative
that various program presentations and ageney pl;mning statements accuratcly
reflect thinking of the agency's top leadership and that no contradictory positions
be made outside the agency. This was essential, he said, “because of the very
sensitive nature of many of the picram options open o us and because of the
intimate links between the NASA program and those of other major agencies,”

Memorandum, Robert C. Seamans, Jr. to Deputy Associate Administrator for Pro-
gramming, “Post-Apollo Planning Reviews,” 8 July 1965,

Edward Z. Gray, Director, Advanced Manned Missions Program at NASA Hq,
informed the Center Directors at MSC, MSFC, and KSC of significant recent
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program decisions on the approach t¢ be followed during Fiscal Year 1966 in
defining payload integration for the AES to the extent necessary for awarding
major project contracts approximately a vear later. In defining AES activity.
Gray said, the Centers must follow the phased approach, with definition phase
contracts to be awarded competitively to industry about the first of 1966. These
contracts, to run for about five months, were to include the several companies’
proposals for accomplishing the payload integration cffort for all AES flights and
would form the basis for NASA's final choice of integration contractors. Current
plans, Gray said, were based on selection of two such payload integration con-
tractors, one at MSC and the second at MSFC, each responsible for about half of
all AES flights. (During the integration definition phase contracts, however, MSC
had lead responsibility for competition and selection of study contractors, with
participation by MSFC and KSC. Gray authorized MSC to supplement the
existing AES study contracts with North American and Grumman to assist in
the payload integration definition cffor

Letter, Edward Z. Gray, NASA Hq, to Directors, MSC, MSFC, and KSC, “AES
Mission Planning and Payload Integration,”™ 22 July 1965.

The final report on & modular multipurpose space station was delivered to MSC
by the Spacecraft Organization of Lockheed-California Company. The concept
provided for a sequential evolution of space vehicles ranging from small /pollo-
dependent laboratories, through larger, more versatile laboratories, to a semi-
permanent space station.

Initial objectives of the study were to refine and optimize the design of the large
orbital rescarch laboratory. Eight tasks were defined by NASA to fulfill the intent
of those objectives; but later, at NASA direction, cfforts were concentrated on
“Fxperiments and Utilization™ and “Design of Modular Concepts,” twe of the
original tasks. The other tasks were reduced in scope or terpinated.

The ultimate objectives of the program were conceptual investigation of a family
of space stations utilizing the modular, or building block, concept and integration
of a broad spectrum of experiments and applications into this family of space
stations. The study was a follow-on «ffort to “Study of a Rotating Manned
Orbital Space Station,” perfornied for MSC by Lo kheed. (See March 1964
entry.)

The modular concept, as defined in the siudy, could be applied to a wide varicty
of missions and configurations, but only six missions using four configurations
were developed:

* A 45-day mission, three-man crew, 270-km orbit at 28.5-degree inclina-
tion; one compartment laboratory,

* A L-year mission, six-man crew, 370-km orbit at 28.5-degree inclination;
two compartment lul)orut(n‘)’.

* A 90-day mission, three- to s x-man crew, 370-km orbit at 90-degree
inclination; two compartment laboratory.
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* A 90-day mission, three- to six-man crew, 35 900-km orbit at 30-degree
inclination; two compartment laboratory.

* A 1- to 5-vear mission, six- to nine-man crew, 370-km orbit at 28.5-degree
inclination; interim station (six compartments).

* A 5-to 10-year mission, 24- to 36-man crew, 480-km orbit at 29.5-degree
inclination; operational station (Y configuraiion).

This investigation of the four configurations, as opposed to the study of a single
design, dictated that Lockheed utilize a conceptual study approach and reduce or
climinate efforts not directly applicable to feasibility demonstration. Only major
structural and mechanical designs were produced. Detailed design was limited
to the depth necessary to ensure concept feasibility.

Two groups of NASA-furnished experiments provided the basis for determining
interior arrangements of individual stations: 85 priority I Apollo Extension
Systems experiments for the one- and two-compartment laboratories and 405
“Supplementary Applications” for the interim and operational stations. The
experiments were briefly reviewed to define man-hour, power, weight, volume,
types of equipment, and laboratory layout requirements.

Principal guidelines were used to aid in defining the modular multipurpose space
station:

* Use of state-of-thc-art equipment was emphasized, but advanced sub-
system concepts were considered and design flexibility maintained so equipment
of advanced design could be incorporated when available and proven. In all
cases, systematic growth potential was achieved without requirements for major
developments or technical innovations.

* Utilization of identical components and cquipment on as many of the
stations as poss.ble was stressed to reduce cost, complexity, and technical risk.

¢ Two basic structural module diameters were studied-—the 465 cm and
660 cm—and the advantages and disadvantages of the two sizes were compared
in order to make recommendations for a final choice.

* All configurations of the modular multipurpose space station would be
launched from Cape Kennedy by Saturn launch vehicles,

* Meteoroid and radiation environment models were specified by MSC.

Lockheed-Caiifornia Co., Condensed Summary of Final Report (LR 18906), “Modular
Multipurpose Space Station Study,” 30 July 1965.

Grumman submitted to NASA its final report on a study of AES for Earth-orbit
missions (conducted under the firm's contract for a LEM utilization study). The
five-volume report comprised general engincering studies, mission and configura-
tion descriptions for different groups of experiments (both NASA’s and those for
the Air Force’s Manned Orbiting Laboratory), and a cost and schedule analysis.
(Grumman’s basic LEM utilization study explored potential uses for that vehicle
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The first conceptual sketch of an Orbital Workshop, based on a request from Dr.
George E. Mueller, was prepared at MSC in mid-1965,

extended stays on the lunar surface; the extended LEM, a personnel carrier to be
used in conjunction with the LEM shelter missions; and a LEM truck, an un-
manned logistics vehicle without the ascent stage, thus affording an even greater
Payload capabilit:' to the lunar surface.) The scope of this addition to the basic
study concerned the value of the LEM Ilab in con junction with the command and
service module for Earth-orbiting missions part of the AES program. The
study included spacecraft and experiment definition, as well as cost and schedule
analyses; the description of spacecraft configurations to accommodate various
types of experiments; and an analysis of crew procedures and operational
requirements,

Grumman, Apollo Extensinn System Earth Orbit Mission Study, Final Report, Vol. 4,
July 1965, pp. P_1 and P-2,
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PART I

Apollo Applications Program

Avgust 1965~February 1970

Associate Administrator for Manned Space Flight George E. Mueller advised the 1965
Center Directors at MSC, MSFC, and KSC of the establishment within the

Office of Manned Space F light of the Saturn/Apollo Applications (SAA) Office, Avgunt
which would have responsibility for both the Saturn IB-Centaur program and 6-10

the Apollo Extension System (AES) effort. David M. Jones, Deputy Assistant
Administrator for Manned Space Flight (Programs), assumed the additional
duties of SAA Acting Director. John H. Disher, formerly Test Director in the
Apollo Program Office, was named Deputy Director.

Mueller sent Center Directors Planning guidelines for proceeding with the
definition phase of the AES program, including schedules, missions, organizational
responsibilities, payload integration, and experiment definition and development.
(These guidelines envisioned a buildup to four AES missions per year Zuring
1970 and 1971.) Mueller also requested that each manned space flight center
prepare a plan for implementing the AES program definition phase based on
these guidelines and including planned procurements, facility medifications,
staffing requirements, and an assessment of the definition program’s impact on
the Apollo program.

Letter, George E. Mueller, NASA Hg, to Robert R. Gilruth, MSC, “Saturn/Apollo
Applications Program,” 10 August 1965; NASA News Release 65-265, 6 August 1965,

As part of MSFCs activities related to the AES program, designers at the Center 2
began serious investigation of the concept of an S-IVB Orbital Workshop

(OWS). This concept, which involved “in-orbit” conversion of a spent S-IVB

stage to a shelter suitable for extended stay and utilization by man, showed

great potential for experiment work during the Earth-orbital phase of the AES

program. Accordingly, MSFC officials planned a four-month conceptual design

effort, to begin immediately, with help and participation from both MSG and

the S-TVB stage builder, Douglas Aircraft Company,

On 25 August, program planners met to initiate the OWS conceptual design
study. Participants reviewed previous NASA and industry studies pertaining to
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rocket stage-laboratory idias (essentially those as presented to the Manned
Space Flight Management Council on 20 July 1965). These studies formed the
point of departure for the four-month OWS study. Those present agreed that
serious consideration must be given to simplified versions of the Workshop to
achieve early launch dates and to hold down prograra costs.

A technical working group was created to oversee the conceptual design study,
with J. H. Laue as chairman. Laue divided areas of responsibility among the
group members and planned to hold biweekly meetings for the duration of
the study.

Memoranda, F. L. Williams, MSFC, to Dist.,, “5~-IVB Orbital Workshop Design
Study,” 20 August 1965; J. H. Laue, MSFC, to Dist., “Minutes of August 25, 1965,
S-1VB Orbital Workshop Conceptual Design Study Meeting,” 30 August 1965.

At a White House news conference, President Lyndon B. Johnson announced
approval for the Department of Defense’s development of the $1.5-million
Manned Orbiting Laboratory (MOL). Such a program, the President said,
would bring “new knowledge about what man is able to do in space.” Further,
MOL “will enable us to relate that ability to the defense of America.”

Public Papers of the Presidents of the United States, Lyndon B. Johnson, 1965, Book
I1, 1 June to 31 December 1962, p. 917.

George E. Mueller, Associate Administrator for Manned Space Flight, requested
MSC Dircctor Robert R. Gilruth to identify the requirements for a spacecraft
atmosphere selection and validation program to support the longer duration
phase II missions of the AES program. (Mucller’s request stcmed from a
series of discussions and AES planning mcetings between him and the Director
of Advanced Manned Missions Studies, Edward Z. Gray, during June and July.)
Although nominal imission duration for the phase II flights was pegged at 45
days, Mueller affirmed the likelihood that, with the conduct of rendezvous
missions, flight times for some crewmen could be as long as 135 days. Ac-
cordingly, he asked that MSC evaluate the question of spacecraft atmospheres
based upon mission durations of 45, 60, 90, and 135 days. Mueller requested
MSC to complete the atmosphere cabin validation program expeditiously so that
results could be readily incorporated into the design of the vehicle and integrated
into mission planning.

In his reply, Gilruth stated that studies of single, as well as two-gas atmospheres
were required. Continued research on a 34-kilonc vton-per-sq-m (5-psia), 100-
percent oxygen atmosphere was desirable both scientifically and operationally.
Such a cabin atmosphere was very attractive because of attendant simplicity of
the environmental control system. However, Gilruth said, recent data indicated
possible impairment of vital body processes that necessitated additional study to
validate the pure oxygen environment for flights of longer than 30 days. MSC
researchers had vegun investigating various combinations of two-gas atmospheres,
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PART 1I: APOLLO APPLICATIONS PROGRAM

chiefly mixtures of 50-percent oxygen and 50-percent nitrogen; 70-percent
oxygen and 30-percent nitrogen; and 70-percent oxyvgen and 30-percent helium.
MSC had underway, both in house and under contract, engincering studies of
two-gas environmental control systems, and AiResearch Corporation was alrcady
developing such a system using as many existing command and service module
components as possible. Houston was also working closely with the Air Force’s
School of Aviation Medicine during that agency’s investigations of various cabin
atmospheres.  Finally, Gilruth stated, Houston planned to hold a Workshop
conference with engineering and pulmonary physiology specialists to establish the
basis for atmosphere sclection and to discuss implementation of experimental
programs.

Letters, George E. Mucller to Robert R. Gilruth, 27 August 1965; Robert R. Gilruth
to George E. Mucller, “Requirements for a spacecraft atmosphere sclection and vali-
dation program,” 12 November 1965,

During several visits to MSC, NASA Administrator James E. Webb raised a
number of technical and policy questions relating to programs and management
practices. Webb seemed particuiarly concerned about the difficulty of getting
the program offices at Headquarters and the Centers to take an active interest
in NASA’s potential influence in the national cconomy and world affairs. During
his second visit (20 August}, he again expressed his interest in a spacecraft using
truc “off-the-shelf” technology as a method of reducing costs and repeated his
belief that the time was right to begin serious study of a Saturn V space station.

Early the following month, MSC Dircctor Robert R. Gilruth scheduled planning
sessions to discuss the part MSC management might play in helping shape NASA
decisionmaking regarding the next major mision to be undertaken in the
manned space flight program. Gilruth was particularly interested in the ideas
raised by Webb during his rccent visits to Houston. Gilruth stated his conviction
that any decision on the next major mission must recognize two chief constraints:
(1) maximum use of existing hardware and technology and (2) maximum use of
existing NASA facilitics, particularly the manned ficld centers. The MSC
Director put forth several points for consideration: what the next major missior
should be; how Apollo Extension Systems and the Saturn V might best be
incorporated into that mission; and how Houston might divide responsibility for
workloads and program with MSFC and KSC without relinquishing any of its
traditional responsibilitics.

Memorandum, Robert R. Gilruth to Dist., “Discussion on Future Missions,” 7 Sep-
tember 1965, with enclosure, memorandum, P. E. Purscr, MSC, to Robert R. Gilruth
and G. M. Low, MSC, “Notes on Visits of Mr. Webb to MSC During August 1965,”
2 September 1965,

At Headquarters, Saturn/Apollo Applications Deputy Director John H. Disher
formally redesignated Apollo Extension System the Apollo Applications Program.
(See 6--10 August 1965 entry.)
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Memorandum, John H. Disher to J. P. Field, Jr., and W. Taylor, NASA Hq, 10 Sep-
tember 1965.

Associate Administrator for Manned Space Flight George E. Mueller officially
informed the Directors of MSC, MSFC, and KSC of changed management
guidelines for Center roles in AES zs informally agreed upon during discussions

in Washington (see 6-10 August 1965):

* MSC—responsible for spacecraft development, flight crew activities,
mission control and flight operations, and command and service modules payload
integration.

¢ MSFC—responsible for launch vehicle development and payload integra-
tion for all lunar excursion module AES-modified vehicles (termed “derivatives”).

¢ KSC—responsible for prelaunch assembly, checkout, and launch of all
AES vehicles,

Final decision on the Apollo-type versus contractor approach for payload
integration was deferred pending results of phase I mission studies underway at
North American and Grumman and of a payload integration definition study to
be let by MSFC. These guidelines, said Mueller, should be incorporated into
the Centers’ planning efforts for AES implementation.

TWX, George E. Mueller to MSC, MSFC, and KS(, {3 September 1965.

NASA selected the Perkin-Elmer and Chrysler corporations to study feasibility
of including optical-technology experiments, particularly lasers and large tele-
scopes, in future extended Apollo flights. NASA was also interested in optical
communication in deep space, the effects of space environment on optical
systems, and related experiments. The program would be directed by MSFC.

MSFC News Release 65-223, 14 September 1965.

William B. Taylor and other Apollo Applications Program planners made a
major presentation on AAP plans to James Webb, Hugh L. Dryden, and
Robert C. Seamans, Jr., of NASA Hq. Webb made a number of comments
regarding the direction of AAP planning. He emphasized that AAP planning
must remain extremely flexible to meet not only changing mission objectives and
goals, but also broader changes in nationai policy, resources, and manned space
flight objectives generally, Webb disapproved of tying any AAP schedules to a
date for accomplishnient of the Apollo lunar landing objective, since that goal
was not inviolate.

Memorandum, S, Ingram to George E. Mueller, “AES (AAP) Presentation to Mr.
Webb, September 21, 1965, Afternoon Session,” 24 September 1965,

A plan for orbital space station development responsive to the research and
development needs of a broad-based space exploration program was presented
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to the Deutsche Gesellschaft fiir Rakententechnik und Raumfarht, Munich, 1965
Germany. Tke paper was prepared by Douglas Aircraft Company, Inc., Santa Saptember
Monica. The main theme of the paper centered on low-Earth-orbital applications :
of space stations. It suggested that the space station system would start with :
limited life laboratories and cvolve into extended life, continuously manned
space stations.

In the development of the space station, four major subsystems would be
required: life support, power, stabilization and control, and communications.
Of these, the life support and power subsystems would require significant
extensions to current technology.

While touching on lunar-orbital and interplanetary missions, it was indicated
that in the evolution of the space station the low-Earth-orbital missions were
of primary importance because they could accommodate applications develop-
ment, capability-engineering development, biomedical behavioral experiments,
and scientific experiments. Polar orbits would be required for cartographic,
meteorologic, geologic, and natural resources surveys. Synchronous orbits would
be useful primarily for communications, allowing continuous communications
without the necessity of vast ground or orbital relay networks.

C. J. Dorrenbacher, The Evolution of Manned Space Stations and Their Develop-
ment Problems, Douglas Aircraft Co., Paper No. 3633, September 1965,

The Stanford Research Institute, Menlo Park, California, performed a study During
on a manned orbital research laboratory (MORL) for Douglas Aircraft Company, M::";h
Inc., Santa Monica. Major conclusions of the study included the following :

* The MORL mission was highly desirable for the posture of the United
States in the international community. The improvement of this position would
represent, perhaps, MORL’s greatest contribution to our nation.

* The greatest social benefits would come from fundamental research ex-
periments and missions that would hold promise of great economic returns,

* Economic benefits likely to accrue from certain MORL experiments
would range up to several hundred million dollars per year.

* A priority of MORL missions could be established; the highest ranking
category contained sclected fundamental research experiments and Earth-oriented
application experiments arranged in order of decreasing anticipated economic
payoffs.

* The great value of an MORL—in comparison with (an) unr.anned
orbital station(s)—resided (1) in the vast complexity of tasks 2 man could
perform reliably, c.g., research, and (2) in the efficiency of a m.n in collecting
only pertinent information, again during the research phase. M: . ~ould provide
a unique recognition element, and any response times inv . ‘d in manned
experiments would be equal to real time. The reliability of sa- . experimenta-
tion that was initially very complicated could therefore be r ed by manned
missions at less than the prohibitive costs involved in unmanne  issions. ? AGE s
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Stanford Rescarch Institute, Priority Analysis of Manned Orbital Research Applica-
tions, Vol. 1, Summary Report, September 1965.

AAP Director William B. Taylor named Joseph G. Lundholm to fill the newly
created position of Manager, Apollo Applications Experiments. In his new job,
Lundholm represented Taylor in all cases involving definition, development, test,
and operation of experiments for AAP missions.

Memorandum, William B. Taylor to Dist., “Apollo Applications Experiments Man-
ager,” 8 October 1965.

In a paper presented at the American Institute of Acronautics and Astronautics’
fourth manned space flight meeting in St. Louis, AAP Director William B.
Taylor described the focus and importance of the AAP. In contrast to Apollo,
with its clear objective of landing on the Moon, AAP’s objectives were much
less obvious. Under AAP, Taylor said, NASA planncd to exploit the capabilities
being developed for Apollo as a technological bridge to more extensive manned
space flight missions of the 1970s and 1980s. AAP was not an end in 1tself, but
rather a beginning to build flight experience, technology, and scientific data.
Internal studies within NASA had identified the practical limits of the capahities
of Saturn/Apollo systems for extended space missions without fundamental
modification of spacecraft and launch vehicles: (1) Earth-orbital missions of up
to 45 days and at inclirations of 0 to 90 degrees and altitudes of from 185 km up
to synchronous orbits (orbital resupply could extend the duration of such missions
to threc months or more); (2) lunar orbital missions of up to 28 days (including
lunar polar orbits) at altitudes as low as 45 to 55 km; and (3) lunar surface
missions of up to 14 days at any point on the lunar surface. Through these space
activitics, stated Taylor, AAP would lay the foundation for later, major ventures
in spacc and thus would contribute significantly to the national goal of pre-
eminence in space.

William B. Taylor, Saturn/Apollo Applications, paper presented at the AIAA mect-
ing, St. Louis, 11 October 1965.

MSC and MSFC program officials and engincers held their first cocrdination
meeting on the $-IVB Orbital Workshop and related Apollo Applications
Program experiment activities. Among the most significant results of this
meeting was a request by Houston for inclusion of an artificial gravity experiment
as part of the S-1VB-command and service module concept of the Workshop.
MSFC officials undertook to define the feasibility of such an experiment,
examining several possible technical approaches (including cables—a concept
that MSC found less than appealing). MSFC investigators also soughe Gelp
from LaR(, where considerable work along this line had been done as part of
that Center’'s MORL study program.

Memorandum, J. W. Carter, MSFC, to Dist., “Artificial Gravity Experiment for the
S-1VB Workshop,” 29 October 1965,
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MSC Deputy Director George M. Low advised NASA Hq of Houston’s planning
schedule for follow-up procurement of Apollo spacccraft for the AAP. Based
upon the most recent delivery schedules for the last several command and service
moedules and lunar excursion modules for Apollo, contract award for those
vehicles was scheduled for July and August 1966. In accordance with a 14 July
directive from Headquarters, MSC was preparing a procurement plan for the
extended CSM and the LEM derivatives covering both the final definition and
development and operational phascs of AAP, Approval of this plan by Head-
quarters, Low stated, was anticipated for mid-December, while award of
contracts for the program definition phase was set for late January 1966. The
contract award date for actual development of the extended CSM was slated for
October 1966, while that for the LEM derivatives was postponed until mid-1967
(in line with revised funding directives from Washington).

TWX, George M. Low to ]J. H. Disher, NASA Hgq, “Follow-on Procurement of
Apollo Hardware,” 21 October 1965,

Saturn Apollo Applications officials reached an understanding on several program
issues during discussion at MSFC:

* MSFCs responsibility for payload integration included coordination of
interleaving of CSM and LEM experiment requirements when both modules
carried experiments on the same mission. (Assignment of missions and experi-
ments to the respective Centers was to be made by the program office at
Headquarters.)

* The astronauts would use tethers during all extravehicular activities
except where not feasible.

* MSFC was to proceed with work on a procurement plan and a request
for proposals for two or three phase C integration contractors, with the idea that
one of the definition contractors would receive the final phase D development
contract (though no firm commitment to this course was yet made); also, con-
currently with the phase C definition cffort, MSFC would conduct parallel in-
house studies to better evaluate the contractors’ phase C work,

Memorandum, J. H. Disher, NASA Hq, to Files, “AAP Discussions at MSFC on Oc-
tober 28-29, 1965,” 4 November 1965.

Saturn/Apollo Applications Deputy Director John H. Disher summarized for
the Director of Advanced Manned Missions those tasks of highest priority for
supporting development during Fiscal Year 1966, Those tasks, Disher explained,
had been examined in great detail because of stringent funding constraints for
Apollo Applications during 1966 and 1967. Therefore, he had listed only those
tasks mandatory for the program’s “mainstream” rcquirements. They included
suck areas as low-thrust reaction control engines, structural and hatch seals,
navigation computer modifications, and study of space rescuc systems,

Letter, John H. Disher to Director, Advanced Manned Missions Program, “Apollo
Application Program (AAP) Supporting Development,” 1 November 1965,
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Following MSC’s reccipt of the technical proposal for phase C of the AAP from
North American Aviation, Inc., covering final definition of the AAP CSM,
William A. Lee, Assistant Manager of the Apollo Spacecraft Program Office,
asked several of his staff members to assist in cvaluation of the proposal. Such
help, he said, would be invaluable in bringing to bear on AAP the experience
that the Apollo office had obtained during the effort to develop the block II
lunar version of the spacecraft. The technical proposal by North American de-
scribed those tasks that the company believed were required to define the CSM
configuration and to formulate hardware specifications for the development and
operations phase of the program. Parallcling these effots by the contractor, MSC
had established a baseline AAP-CSM configuration and had laid down several
configuration guidelines belicved fundamental tenets of AAP objectives: no space-
craft modifications to achieve “product improvement” or to obtain a statistical
“mission success.”

Memorandum, William A. Lee to Chiefs, Systems Engineering and Reliability and
Quality Assurance Divisions, “ASPO Assistance on review of North American Aviaton
AAP Phase C study proposal,” 16 November 1965, :

Following formal e:tablishment of the Apollo Applications Program at NASA Hq
(see 6 August 1965), Associate Administrator for Manned Space Flight George E.
Mueller recommended to Administrator James E. Webb and Associate Adminis-
trator Robert C. Seamans, Jr., assignment of basic roles and responsibilities to the
ficld centers for carrying out the program. Although such responsibilities were
delineated in the traditional manner, the new program responsibility of experi-
ment and payload integration was split between MSFC and MSC.

On 13 December, following discussions with Webb, Seamans approved Mueller’s
recommended assignments of ¢xperiment management and payload integration.

Memoranda, George E. Mucller to Administrator, “Recommendations for Apollo Ap-
plications Program Ficld Center Responsibilities,” 18 November 1965; Robest C.
Seamans, Jr., to Associate Administrator for Manned Spaceflight, “Apollo Applica-
tions Management,” 13 December 1965,

John H. Disher, Saturn /Apollo Applications Deputy Director, requested the
Manned Space Flight Management Operations Director 1o officially change the
designation of the Saturn IB/Centaur Office to Saturn Applications, This change,
Disher said, reflected the change in status of the office and provided for necessary
management of potential Saturn Applications such as the Saturn V/Voyager by
the Office of Manned Space Flight. However, on the same day, Disher ordered
E. F. O'Connor at MSFC: to halt all Saturn IB/Centaur efforts (except those
already underway that could not be recalled) and disapproved the request for an
additional $1.1 million for the progrzni. (Any funds required for definition of a
Saturn V/Voyager mission, he said, would he authorized separately.)

Memorandum, John 11, Disher (o Dircetor, MSF Management Operations, “Renaming
of Saturn IB/Centaur Office to Saturn Applications,” 18 November 1965; TWX,
John H. Disher to E. F. O'Connor, 18 November 1965,
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David M. Jones, Acting Saturn/Apollo Applications Director, solicited from the
chief executives of the various companics participating in Apollo their views on
proposed goals for the Apollo Applications Program. Alternative goals postulated
for AAP were (1) to explore and utilize world resources for the bencfit of man-
kind; (2) to definc and develop the operational capabilities for the next genera-
tion of space vchicles beyond Apollo; (3) to broaden knowledge of near-Earth
and lunar environments; (4) to enhance the sccurity «f the United States through
space operations; and (5) to develop the capability for manned flights of up to
one year.

Jones asked the executives to weigh the pros and cons of these alternative goals
and to make a qualitative assessment of the benefits which might accrue to the
American taxpayer. NASA would include these assessments in congressional hear-
ings early in 1966.

On 16 December, MSFC Director Wernher von Braun (though not specifically
called upon 1o do so) responded to Jones’ request for ideas. Of all the alternative
goals for AAP, von Braun said, that of exploring world resources for man’s bene-
fit was by far the most important. For its manned space program, he said, NASA
cannot forever depend upon the thrill of adventure nor upon ‘“‘sophisticated
truths” such as the value of spinoff results or the blessings of more scientific knowl-
edge. To place the idea of space flight firmly in the minds of the taxpaying pub-
lic, therefore, NASA must produce solid results and material benefits that are
readily visible and comprchensible. And AAP goal number one neatly combined
both broad popular appeal and true humanitarian needs. In view of the world’s
population explosion, with all its attendant resulting effects, von Braun stated,
America’s failure to avail itsclf of the vitally needed tools for a global resources
management system would be a tragic mistake. Viewed in this perspective, the
other alternative goals proposed for AAP thus became elements and stepping
stones within this broader long-range objective.

Memorandum, David M. Jones, NASA Hg, to Apollo Executives, “Apollo Applica-
tions Goals,” 22 November 1965: letter, Wernher von Braun to David M. Jones, 16
December 1965.

Associate Administrator for Manned Space Flight George E. Mueller requested
of MSC Dircctor Robert R. Gilruth that his Center identify additional Apollo
subsystems testing and the best method of conducting such tests on the basic sub-
systems of the spacecraft beyond the 14-day requirements of the Apollo lunar
mission. Mueller explained that planning for the Apollo Apglications Program
projected that extended missions could be performed using basic Apollo hardware
and that significant advantages might be realized by testing subsystems to deter-
mine their duration limits, thereby avoiding the burden of additional test units
and test facilities.

Letter, George E. Mucller to Robert R. Gilruth, “Basic Apollo/Apollo Applications
Spacecraft Subsystem Tests,” 29 November 1965.
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In response to a telegram from Deputy Associate Administrator for Manned
Space Flight James C. Elms regarding procurement plans for the AAP, MSC
Deputy Director George M. Low described a plan being seriously considered by
Houston that would permit competitive procurement of follow-on Apollo hard-
ware. The plan called for awarding the phase C contract to North American to
define AAP changes to the CSM and letting what Low termed “phase-in”’ con-
tracts leading to proposals on how the spacecraft could be manufactured by other
companies. Upon completion of both the phase C work at North American and
the phase-in contracts with other firms, MSC would enter into competitive nego-
tiations with all parties to determine which firm shovld build the AAP version of
the CSM. (According to Low, it was premature to undertake a phase C defini-
tion: effort with Grumman at this time, but he suggested that a competitive effort
similar to that proposed for the CS2.1 could be implemented somewhat later.)

Letter, George M. Low to James C. Elms, 29 November 1965,

The Boeing Company submitted a utilization study report to MSC for the pro-
posed multipurpose mission module. The report was one of 13 volumes prepared
by Boeing’s Aerospace Group-Space Division under an MSC contract.

Guidelines observed in the study were: (1) minimum interference with the Apollo
program; (2) usc of either Saturn 1B or V launch vehicles; (3) laboratory to be
sized so that the one module, two modules, or one module on a LEM descent
stage could fit into an unmodified LEM adapter; (4) use of a threc-man crew;
(5) capability to dock to either end of the module and to rendezvous modules;
and (6) mission lengths of 14 to 45 days, with growth capacity for longer
durations.

The study was made on the presumption of a laboratory module launched in the
LEM adapter area which would be aligned with an aceess hatch in the module.
An expandable airlock could also be incorporated when desired. The external
envelope would be 465 cm, which would permit three modules to be placed in
the S-IT stage that was 10 m in diameter; the floor to ceiling height would be
213 cm; the total pressurized volume of the module would be 39 cu m; and tctal
floor area 16 sq m.

The module would be designed for an internal pressure of 48 kilonewtons per
sq m (7 psia) for a 180-day mission. It would weigh 1313 kg, and its support rack
would weigh 413 kg. For lower gross weights expected with Saturn IB launches,
the support rack weight could be reduced o 261 kg. ‘The multipurpose mission
module, as proposed, would allow much flexibility in missions, including forma-
tion of large space stations, and would permit use of an assortment of internal
and external equipment without affecting the integrity of the shell and requiring
only minor structural additions or changes.

A feature of the Boeing report was the section devoted to volume. It said that
“. . . after reserving the requirements for module subsystems, experiment report,
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and 5.6 cu m (200 cu ft) for each astronaut, about 16.9 cu m (600 cu ft} of pres-
surized and 62.2 cu m (2200 cu ft) of unpressur.zed volums would be available
for expcriment equipment. . . . The report then listed some of the advantages
of providing adequate pressurized volume:

* Volume Equals Economy: Maximum use of standard hardware; no min-
iaturization required; allows standard subsystem modules for varying missions;
protected environment simplified equipment design.

* Volume Equals Manned Participation: Equipinent accessible for direct
manual operation; man’s capability to participate can be evaluated.

* Volume Equals Efficiency: Minimum interference work-area layouts pos-
tible; experiment setup and tear-down time reduced or climinated; improved crew
morale increases efficiency.

* Volume Equals Reliability: Inside equipment can be adjusted and main-
tained by the crew; equipment is protected from temperatute cycles and hard
vacuum of space.

* Volume Equals Experiment Flexibility: Volume aliows modular approach
to experiment and subsystem design; experiment substitution requires no rear-
rangement of other equipment; minimized lead time for changes.

* Volume Equals Increased Experiment Capuhilities: Enough room for
crew movement and locomotion tests; allows volume. for centrifuge or double
trampoline,

* Volume Equals Safety: Eliminates extravehicular activities for normal
lahoratory operation.

The Boeing Co., Report DZ-84010-1, Multipurpose Mission Module—Utilization
Study, November 1965.

George E. Mueller, Associate Administrator for Manned Space Flight, and MSFC
Director Wernher von Braun discussed Marshall's bricfing on the S-IVB Work-
shop concept presented at Headquarters the previous day. Mueller asked that
MSFC formulate a program development plan and prese, ¢ .t at the next riecting
of the Manned Space Flight Management Council. Specifically, Mueller de-
manded that the plan include experiments to be carried aboard the Wor.cshop;
funding arrangements; and where devzlopment work should be done (in house,
or elsewhere). In addition, he asked that MSFC submit two such plans, one for
the unpressurized and another for the pressurized version of the Workshop. In

effect, Mueller gave Marshall the “green light” to begin the Orbital Workshop
program.

At von Braun's request, the Workshop received the status of a separatc project,
with William Ferguson as Project Manager.

Memorandum, J. T. Shepherd, MSFC to Dist,, “S-1VB Workshop,” 1 December 1965.

Harold E. Gartrell, Chairman of MSG's AAP mission planning task force, distrib-
uted within the Center extracts from a contractor study report that had been
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prepared in anticipation of the request for proposals to be issued by MSFC for an
AAP payload integration contract. Gartrell voiced concern over what he called a
“fundament:] question” of MSC’s responsibility for mission definition, the re-
quirements for spacecraft systems, mission simulations, and technical direction of
flight operations (a result, he said, of the payload responsibility at MSFC’s not
being limited to development, test, and checkout of the AAP lunar excursion
module vehicle). Gartrell stated that MSC was initiating an effort during this
phase C of the AAP to define mission-spacecraft-operations requirements, thus
establishing a foundation for Houston input into the payload integration function
at MSFC.

Memorandum, Harold E. Gartrell to Dist., “MSC Mission Definition Programs for the
Apollo Applications Program,” 2 December 1965.

MSC designers and long-range planners put forth conceptual ideas on the next
logical steps to be taken in man’s exploration of space. Recognizing the enormous
potential benefits to be derived from Earth resources and sensing systems—not
only for the United States, but for the entire world—thvuse planners suggested
semipermanent manned stations in Earth orbit. The qu stion of how this might
be accomplished, they suggesied, could be met through suitably modified AAP
hardware and systems. Such a space station could be used as an observation plat-
form, with incalculable bencfits to be derived; as a scientific laboratory in space;
and as an engineering laboratory for the development of systems for planctary ex-
plorations through inclusion of commodious living quarters and workshops. Just
as significant for the future, the large size of the station and crew complement
would afford unprecedented opportunitics for international cooperation in space
by inclusion of forcign scientists in the crew.

MSC, “Some Considerations of the Future of Manned Space Flight,” 14 December
1965.

At the December Manned Space Flight Management Council mecting, Associate
Administrator for Manned Space Flight George E. Mucller voiced a desire to
have McDonnell examine the feasibility of using Gemini subsystems on an airlock
cxperiment in conjunciion with the Apollo Applications Program S-IVB Work-
shop concept. Accordingly, F. L. Williams of the Advanced S,stems Oftice at
MSFC solicited the assistance of MSC’s Gemini Program Manager, Charles W.
Mathews (since his officc had pro. urement responsibility for Gemini), in getting
McDonnell to conduct such an analysis. Williams stated that several designs
needed investigation and that, of all Gemini hardware, the environmental control
system and perhaps the fuel cells would be incorporated into the airlock design.
In order to discuss technical details, he asked whether Mathews might arrange a
briefing at Huntsville as soon as possible, since deadlines for presenting final ex-
periment plans to Headquarters were most pressing.

Memorandum, F. L. Williams to Charles W. Mathews, “December 1965 DMSF
Management Council Executive Session,” 23 December 1965.
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In the initial activity report outlining MSC’s support to the Air Force on the
MOL, Gemini Program Manager Charles W. Mathews summarized activity to
date. He cited reccipt on 20 November 1965 of authority to transfer surplus
Gemini equipment to the MOT, project. Since that time, he said, MSC had de-
livered to the Air Force several boilerplate test vehicles and = variety of support
and handling equipment. MOL program officials and astronauts had also visited
Houston for technical discussions and briefings.

Memorandum, Mathews, MSC, to Director, “Weckly Activity Report Number 1 on
NASA Manned Spacecraft Center, Support to the USAF Manned Orbiting Labora-
tory Program (December 13-17, 1965),” 29 December 1965.

Associate Administrator for Manned Space Flight George E. Mueller advised
John H. Disher, Deputy Director of Saturn /Apollo Applications, that, in prepar-
ing NASA’s AAP budget statement for Fiscal Year 1967 for presentation to Con-
gress, he wanted to lessen emphasis upon AAP’s value in working out operational
capabilities required for the next major step in manned space flight. The con-
gressional statement, Mueller said, should emphasize the importance of continuity
in manned space flight and should explain the lead times involved in such cfforts.
Mucller asked Disher to prepare an analysis of total costs versus year of com-
pletion for the cperationally oriented program for inclusion in the budget
staicrment.

Memorandum, John H. Disher to J. P. Field, Jr., “Saturn/Apollo Applications Pro-
gram FY 67 Budget Statement,” 29 December 1965.

The Advanced Missions Division, Manned Space Science Program, in the Office
of Space Sciences and Applications, released aetails of cxperiment proposals sub-
mitted by teams of potential experimenters for the immediate post-Apollo Earth-
orbital phase of manned Space exploration, as part of the AES program. As well
as detailed descriptions of the various scientific experiments themselves, the report
examined the justification for AES in relation to other space programs, mission
objectives, operationz. constraints, and long-range plans and goals,

Advanced Missions Division, “Preliminary Missicn Definition for Post-Apollo Manned
Exploration of Space, Manned Earth Orbital Missions,” Part II, Revised Submissions
from Potential Experimenters, December 1965,

Homer E. Newell, Asociate Administrator for Space Science and Applications,
announced opportunities for study grants to compcetent astronomers for conceptual
and preliminary design work leading to instrumentation to be flown in the 1969-
1975 period. A description of the Apollo telescope mount was included,

Letter, Homer E. Newell to Dist., 1 January 1966,

KSC anncunced appointment of John P. Claybourne as Chief of the newly cre-
ated Future Studics Office within the KSC Engineering and Development Direc-
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torate. Claybourne’s office was assigned responsibility for overall planning and
coordination of the Center’s studies in this area, which would parallel continuing
development of Apollo-Saturn and Apollo Applications programs at MSFC and
MSC. John G. Shinkie succeeded Clayhourne as Deputy Director for Plans, Pro-
grams, and Resources.

Spaceport News, Vol. 5, 6 January 1966, pp. 2-3.

In a letter to the Asscciate Administrators for Manned Space Flight, Space Sci-
ence and Applications, and Advanced Rescarch and Technology, NASA Deputy
Administrator Robert C. Scamans, Jr., queried them on several alternate ap-
proaches for experiment payload planning for AAP. His inquiry was prompted
by discussions with several individuals from RCA, who suggested a novel approach
for NASA to interest the scientific community in NASA'’s programs through direct
participation in the development of scientific equipment. A central problem was
the difficulty inherent in incorporating science payloads into such a complex pro-
gram as AAP, especially in meeting well defined schedules. Because most teams
of university-based scientists were ot sufficiently experienced in fabrication and
testing to assume this “cradle-to-grave” responsibility for experiment development,
the RCA spokesmen put forward the concept of mission-optimized space labora-
tories wherein actual payload intcgration planning would occur very carly in the
hardwarc planning stage, before any actual development was undertaken. In this
manner, logical broad-purpose groupings of laboratory equipment would appear.
Such an approach, they contended, would afford significant payload weight and
volume reductions and cost benefits.  Also, standardization of cquipment and
sensors would simplify greatly the integration task per se.

Muecller replied to Seamans on 12 April. He compared RCA’s suggested ap-
proach—broad-purposc 1aboratorics that could be adapted to individual missions
by addition of special sensors—to NASA’s present method of experiment planning
and development; i.c., Principal Investigators who were individually responsible
for all aspects of experiment development, including sensors. The present NASA
approach, Mucller contended, generated a technical continuity by competent
scientists and enginecrs, thus paying off in “good” science returns from flight
missions. He admitted, however, that the Principal Investigators approach de-
manded the commitment of scientists to their projects over quite lengthy periods
of time. The approach therefore tended to limit the number of experiment pro-
posals received (a trend alrcady encountered in the medical and behavioral fields,
Mueller noted). In fact, most experiment proposals in these arcas came from “in-
house” sources, while only a few were received from the scicntific community.
Further, the Principal Investigators approach tended toward duplication of in-
flight operations and equipment. Mucller admitted that the RCA full-laboratory
concept had some merit, especially in producing the maximum number of experi-
ments per mission and in fostering carly experiment program planning. However,
it tended to remove scicntists and engincers from the mainstream of experiment
development, which could result in loss of continuity over long developmental
periods.
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Mueller put forth a third approach that lay between NASA’s present program
and the RCA proposal. It was similar to the RCA scheme except that NASA
could accept experiments on an individual basis as presently done. The Principal
Investigator, while fully responsible for experiment procedure and for data anal-
ysis and publication, would also serve as consultant to NASA during development
of experiment equipment and crew training. But the NASA experiment payload
integration center would oversee the effort to integrate experiments into the con-
figured inflight laboratory. Mueller obscrved that NASA was in fact moving
toward this middle road in the manned space flight program. The medical and
behavioral experiments were already bcing planned for configuration into space
laboratories, he noted. Nor were the three approaches mutually exclusive.
Through “judicious” integration of experiments and mission abjectives, Mueller
prophesied that NASA could evolve from its current approach to the full-labora-
tory concept in harmony with the agency’s spacc flight capabilities.

Memoranda, Robert C. Scamans, Jr., to Associate Administrators, “Alternative Ap-
proach to Experiment Payload Planning on Apollo Applications Program,” 6 January
1966, with attachment, [RCA,] “An Alternative Approach to Experiment Payload
Planning on Apollo Applications Program”; George F. Mueller to Deputy Adminis-
trator, “Alternative Approaches to Experiment Paylcad Planning on Apollo Applica-
tions Program,” 12 April 1966.

MSFC issued requests for proposals to the aerospace industrv for definition studies
of integrating experiment hardware into AAP space vehicles—i.e., payload inte-
gration in the Apollo lunar module, the Saturn instrument unit, and the S-IVB
stage of the Saturn IB and Saturn V launch vehicles. Following evaluation of
the proposals, MSFC would select two or more firms for negotiation of nine-
month study contracts to be managed by Huntsville as the Center responsible for
Payload integration of this portion of AAP, (MSC was responsible for payload
integration of the Apollo CSM.)

NASA News Release 66-14, “Definition Studies Sought for Apollo Applications
Missions,” 14 January 1966.

In a note to Apollo Director Samuel C. Phillips, Staff Assistant Leonard Reiffel
pointed to a number of weaknesses in the organizational structure of the Manned
Space Flight Experiments Board and suggested several ways in which the Board
might be made less cumbersome and more effective. Reiffel suggested beefing up
the board’s influence in decisionmaking on experiments; improving the quality of
briefings and technical support to the board; and improving communications and
coordination between the board and the NASA program offices, as well as the
Department of Defense. (Scc entry 21 March 1966.)

Meiorandum, Leonard Reiflel to Samuel C. Phillips, “Comments on Functions and
Operation of the MSFEB,” 14 January 1966.

The Space Science Board of the National Academy of Sciences issued a report
outlining rescarch objectives in lunar and planctary exploration for the 1970s and
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early 1980s. (The report, first of a serics entitled Space Research: Directions for
the Future, had been prepared by a group of scientists and engineers led by
Gordon J. F. MacDonald of the University of California, Los Angeles.) The
report affirmed earlier recommendations by the Space Science Board to NASA
that unmanned exploration of Mars should have first priority in the post-Apollo
space era. Secondary importance was assigned to detailed investigation of the
lunar surface and to unmanned Venus probes. Clearly, the report reflected a
predominant mood within the scientific community that scientific research in
space take predominance over manned programs whose chief objectives, said
the report, were “other than scientific.”

National Academy of Sciences news release, “Space Scientists Recommend Post-Apollo
Research Goals,” 16 January 1966.

For planning information and as a challenge to the space agency, Senator Clinton
P. Anderson, Chairman of the Committee on Aeronautical and Space Sciences,
outlined his views and those of other members of the Committee regarding
NASA’s space goals in the post-Apollo period. In a letter to Administrator James
E. Webb, Anderson conceded the significant national import of space exploration
and research, particularly as it strengthened the nation’s scientific and technical
competence and contributed to America’s position of world leadership. Although
new space projects inevitably hinged on the results of existing programs, he told
Webb, NASA must be prepared to move on to cther programs without inter-
ruption once the Apollo program was completed. While the exploitation of Apollo
hardware in AAP had real validity, “NASA should not continue such exploitation
so long into the future that it prevents the development of new systems.”

Letter, Clinton P, Anderson to James E. Webb, 27 January 1966.

Jesse L. Mitchell, Acting Director of Physics and Astronomy Program., solicited
proposals from MSFC, MSC, LaRC, and Goddard Space Flight Center regard-
ing the creation at their Centers of a project office for the Apollo telescope mount.
(Mitchell’s action followed visits by several staff members from his office to each
of the candidate locations during which stress was placed on a “sound and effi-
cient, yet, imaginative project management tecam . . . in view of the short de-
velopment time available tc meet the cxpected launch opportunitics.”) Mitchell
called for statements that included technical and management plans, procurement
arrangements, schedules, and resource requirements.

TWX, Jesse L. Mitchell to MSFC, LaRC, Goddard Space Flight Center, and MSC,
27 January 1966.

In a letter to MSC Director Robert R. Gilruth, George E. Mueller, Associate
Administrator for Manned Space Flight, summarized his views of specific AAP
objectives within the broader contest of future manned space flight and national
space goals. AAP, Muecller stated, would provide a foundation for the next
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This concept, indicating extravehicular activity accommodations for ejther the Gem-
ini spacecraft or Apollo connmand and service modules, was submitted to NASA
in January 1966 by Douglas Aircraft Company, Inc. It was part of a report on
the orbital S-IVB Spent-stage experiment support module feasibility study.

major American space effort, Specifically, AAP would provide the experierce of
extended lunar explorations and long-duration manned operations in Earth orbit
through resupply and in-orbit asembly. These objectives he saw as “logical
extensions of the planned Gemin; and Apollo accomplishments” that would con-
tribute significantly to the broader goals of United States Precminence in space
and of using space for the benefit of mankind. Mucller foresaw that AAP could
be shaped to achicve a number of bencfits and applications::

* Impreved weather forecasting with attendant benefits for agriculture and
industry

* Improved communications satellites through periodic manned maintenance

* Improved Earth resources remote sensing and management

* Solution of air pollution problems

* Establishment of astronomical observatorics in space and on the Moon
to explore fundamental Questions of the origins on the solar system and of life
on Earth

* Research in the hard vacuum of space on specific materials technology
and processes

And, finally, Mueller prophesied that AAP could support the international posture
of the United States through advances in science and technology and would
strengthen America’s national security,

Letter, George E. Mueller to Robert R, Gilruth, 28 January 1966,

Douglas Aircraft Company submitted a summary report to LaRQ covering the ac-
tivities of three phases of the MORL study. General objectives of the MORL
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study were to (1) establish the feasibility of a manned research 11boratory; (2)
determine the required level of technical, logistic, and economic sup; ort; and 3)
define a realistic space station program responsive to the necds of NASA and other
government agencics in particular and the scientific community in general.

The three phases of the study were

e Phase I (June-September 1963)—System Comparison and Selection

Study of a MORL
e Phase Ila (December 1963-November 1964)—Optimization of the

MORL System Concept
« Phase IIb (December 1964-February 1966)—Development of the MORL

System Utilization Potential.

The feasibility of launching, operating, and maintaining a manned research tabo-
ratory was demonstrated in the Phase 1 study, and NASA selected one of the con-

cepts investigated for further study.

During the Phase IIa effort, the MORL concept was optimized to satisfy the re-
quirements of a single, low-altitude, low-inclination orbital mission. This part
of the study resulted in definition of an MORL concept that became the “base-
line” system for the Phase IIb study. The major system elements of the baseline
included: (1) a 660-cm-diameter laboratory launched by the Saturn IB into a
370-km orbit inclined at 28.72 degrees to the equator; (2) a Saturn IB-launched
Apoilo logistics vehicle, consisting of a modified Apollo command module, a
service pack for rendezvous and recentry propulsion, and a multimission module for
cargo, cxperiments, laboratory facility modification, or a spacecraft excursion
propulsion system; and (3) supporting ground systems.

The prime objective of the MORL Phase IIb study was to examine the utilization
of the MORL system concept for accomplishing an expanded spectrum of space-
related objectives typifying rescarch programs of the 1970s. During this phase,
Douglas was associated with several subcontractors whose arcas of effort were as
follows: Eclipse-Pionecr Division of Bendix, stabilization and control; Federal
Systems Division of IBM, communications, data management, and ground sup-
port systems; Hamilton Standard Division of the United Aircraft Corporation,
environmental control/life support; Stanford Rescarch Institute, priority analysis
of space-rclated objectives; Bissett-Baiman, oceanography; Marine Adpvisors,
occanography; Acro Scrvices, cartography and photogrammetry; Marquardt,
propulsion; and TRW, propulsion.

A thorough review of the MORL system was conducted to identify potentially
critical research and technology requirements. These requirements were con-
tained in the NASA-defined rescarch and technology categories:

e Rescarch---An activity directed toward an increase in basic scientific or

engineering knowledge.
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* Advance Technology—Those activities required to advance the state of
the art in the field of methods and techniques through the application of science
and engineering.

* Advance Development—The activity of developing subsystems or com-
ponents recognized to have long development lead times.

* Supporting Development—Those activities leading to the development of

backup or alternate systems, subsystems, components, and fabrication or testing
techniques.

The activities were further divided into the following technological categories.
(1) Astronautics dealt with the problems of space flight, including aerothermo-
dynamics, flight mechanics, vehicle dynamics, and navigation, as well as design
criteria of a general nature. (2) Biotechnology considered the relationship of man
to the vehicle, the environment, and the mission, including the environmental
control and life support subsystem, crew environment criteria, crew systems, and
crew training. (3) Flight Technology included communications, telemetry, and
data processing subsystems. (4) Control Systems consisted of the technologies
associated with direction and orientation of the laboratory such as guidance,
stabilization and control, and reaction control. (5) Structures dealt with items
pertaining to the mechanical design of the spacecratt, including materials tech-
nology, mechanical systems, and manufacturing and assembly techniques. (6)
Power included the production, conditioning, and distribution of electrical power.,

The summary listed a number of tasks that had been identified within the afore-
mentioned 10 categories, including some considered as applicable for the Apollo
Applications “rogram. (For a list of thesc tasks, see Appendix 7.) Analysis of
development problems in the program suggested that the critical functional sub-

systems were stabilization and control, environmental control and life support,
and electric power.

Douglas Aircraft Co., Summary Report SM-48822, Report on the Development of
The Manned Orbital Research Laboratory (MORL) System Utilization Potential,
January 1966.

MSFC submitted its response to the call from Headquarters for project manage-
ment proposals for the Apollo telescope mount (ATM). The plan summarized
Marshall’s developmental work on ATM-type systems so far and contained spe-
cific technical and managerial concepts for implementing the ATM project. Of
all its inherent strengths and capabilities, the Center emphasized the talents con-
centrated in the Research Projects Laboratory under Ernst Stuhlinger, the scien-
tific arm of the Center.

MSFC, “Apollo Telescope Mount Project Proposal,” 11 February 1966.

Edga: M. Cortright, Deputy Associate Administrator for Space Science and Ap-
plications, testifying before the House Committee on Science and Astronautics’
Subcommittee on Space Science and Applications, stressed selectivity in planning
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the space science program: “We have been looking at Apollo applications for
some time to identify thosc arcas of scientific activity where the man can be a real
asset to the experiment, and the areas that interest us most are astronomy; natural
resources, which is looking down at the earth with various detectors; biology,
which is concerned with long-duration weightless flight, from both a fundamental
biological point of view and in preparation for longer flights; and of course con-

tinued lunar exploration.”

U.S. Congress, House, Subcommittee on Space Science and Applications of the Com-
mittec on Science and Astronautics, 1967 NASA Authorization: Hearings on H.R.
12718 (Superseded by H.R. 14324), 89th Cong., 24 sess., 1966, pp. 57-59.

House Committee on Science and Astronautics Subcom-

Testifyirg before the
mittee on Manned Space Flight, Deputy Administrator Robert C. Seamans, Jr.,

described three basic elements in NASA’s AAP effort:

« Extension of orbital staytimes to 43 days or more through minor modifica-

tions to the present Apollo system.
o Procurement of additional spacecraft and launch vehicles for follow-on

flights beyond the present Apollo schedule.
« Utilization of Apollo vehicles during the 1968-1970 time frame if the

agency’s most optimistic Apollo schedules were realized.

“We cannot today look toward a permanent manned space station, or 2 lunar
» Geamans stated, “until our
’

base, or projects for manned planetary exploration,’

operational, scientific and technological experience with major manned systems

already in hand has further matured.”

Ibid., pp- 5-6-

Maurice J. Raffensperger, Director of Manned Earth Orbital Mission Studies at
nd agreements between

NASA Hgq, summarized the outcome of discussions &
Washington and the Centers regarding the S-1VB Workshop project:

« MSFC had overall responsibility for the Workshop system design and
integration, with a design objective of a 30-day flight capability.

o The Gemini office at MSC had contractual and design responsibility for
using basic Gemini components where feasible. (It was an-

the airlock module,
the logical contractor.)

ticipated that McDonnell Aircraft Corporation would be
Also, MSC would manage the CSM portion of the Workshop concept.
« MSFC was responsible for implementing the S-IVB Workshop experiment

program and integrating experiments into the Workshop.

r compilation of a Workshop planning document (some-

Raffensperger called fo
plan) so that

tning like a short version of a preliminary project development
NASA Hgq could proceed with steps for authorization and definitive implemen-

tation of the project.
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TWX, Raffensperger to MSFC and MSC, “Saturn S-IVB Workshop Experiment,”
25 February 1966.

In an informal note on AAP planning to James C. Elms, Deputy Associate Ad-
ministrator for Manned Space Flight, AAP Deputy Director John H. Disher sug-
gested a number of operational objectives that lie believed should be essential
elements within the program: manned operations in synchronous and high-
inclination Earth orbit; manned orbital assembly and resupply; crew transfer in
orbit; extended Earth-orbit mission duration capability; extended lunar explora-
tion; and conduct of a broad range of operational, scientific, and technological
experiments in space.

Memorandum, John H. Disher to James C. Elms, 1 March 1966.

Associate Administrator for Manned Space Flight George E. Mueller acknowl-
edged receipt from Joseph F. Shea, the Apollo Spacecraft Program Manager at
MSC, of a detailed technical description of MSC’s rlans and development prog-
ress toward developing a landing rocket system for Apollo. (MSC had undertaken
this effort some months earlier at Mueller’s specific request.) Moueller advised
Shea that he had asked AAP Deputy Director John H. Disher to work closely
with Shea’s people to devise a land landing system for AAP built on Houston’s
effort for Apollo.

Letters, George E. Mueiler to Joseph F. Shea, 3 March 1966 ; Joseph F. Shea to
George E. Mueller, {late January or early February 1966).

A team of engineers from Douglas Aircraft Company, headed by Jack Bromberg,
presented a technical briefing and cost proposal to Associate Administrator for
Manned Space Flight George E. Mueller on the company’s design on the airlock
for the AAP. Mueller observed that Douglas’ ilea for a 30-day capability scemed
technically sound. He expressed strong interest in the AAP spent-stage experiment
because it would establish a solid basis for space station requirements and defini-
tion. However, he cautioned that he had not received definite approval from
either the Administrator, James E. Webb, or his deputy, Robert C. Seamans, Jr.,
on the spent-stage concept and admitted that he had “some selling to do.”

Memorandum for record, H. E. Pitcher, Douglas, “Airlock Presentation to Geo.
Mueller,” 11 March 1966.

MSC planners drew up and submitted to NASA Hgq the Center’s procurement
Plan for an S-IVB Workshop experiment support module. The components of
such an experiment comprised an Apollo CSM, an S-1VB stage, and a support
module interconnect, which MSC proposed to award to McDonnell for develop-
ment. MSC Director Robert R. Gilruth urged speedy action on the proposal and
by the contractor because of the necessity for carly definition of hardware inter-
faces, as well as impending phascout of the Gemini and subcontractor efforts.
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Letter, Robert R. Gilruth to S. A. Cariski, “Procurement Plan, S-IVB Workshop
Experiment Support Module,” 11 March 1966.

At Headquarters, the directors of the program offices presented to Deputy Ad-
ministrator Robert C. Seamans, Jr., and members of the Administrator’s top staff
a joint briefing and summary of NA3A’s total agencywide AAP effort. In re-
viewing their presentation, Seamans emphasized three cardinal tenets regarding
AAP planning:

(1) The Apollo lunar landing remained the top priority and must not be
compromised by any AAP activity.

(2) All changes to any Apollo hardware for AAP missions had to be ap-
proved personally by either the Administrator or Seamans. Consequently, all
mission planning had to be precise and definite and would be referred to Webb
or Seamans for action or approval. All procurement actions would be handled
in the same fashion.

(3) The directors were to devise “a clear and defensible rationale” for AAP
missions.

Seamans reported to Administrator James E. Webb the basic findings of the 11
March review:

o Largely because of limited resources, the pacing item in AAP was selec-
tion and development of experiments and packages to meet the earlicst possible
flight dates. (Although many possible experiments were being studied, only two
minor AAP experiments so far had actually been committed to development.
Also, some alternatives, such as use of Gemini and Apolle experiments and in-
house development of experiment packages, had been examined with an eye
toward early experiment availability.)

s Thre: leading candidates existed for alternate AAP missions: (1) an exten-
sive lunar mapping program (beyond the needs of Apollo); (2) adaptation of lunar
mapping equipment for Earth survey (though “serious interagency problems” had
to be resolved before such a mission could be planned in detail); and (3) the
ATM which, because of its scientific value and compatibility with the basic Apollo
system, had received top priority for definition and development by the Office of
Space Science and Applications (however, serious fiscal problems remained in
light of the ATM’s estimated total cost of about $69 million).

Memorandum, Robert C, Seamans, Jr., to Dist., “Apollo Applicaticns Program,” 30
March 1966.

MSC submitted to NASA Hq for approval the procurement plai: for a multi-
mission fuel cell assembly for the Apollo spacecraft. Such an advar.ced electrical
power plant was necessary, explained Center Director Robert R. Gilruth, in order
to support long-duration missions. The Center proposed to negotiate with three
know.. [uel cell contractors, General Electric Company, Pratt and Whitney
Division of United Aircraft Corporation, and Allis-Chalmers Manufacturing
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Company, for the effort. Four days later, Gilruth wrote Associate Administrator
for Manned Space Flight George E. Mueller setting forth in detail MSC’s plans
for fuel cell development and production, including the recenc decision to furnish
the fuel cells to AAP contractors as government furnished equipment.

Letters, Robert R. Gilruth 1 3. A. Cariski, NASA Hq, “Procurement Plan, NASA
Multimission Fuel Cell Assembly (FCA),” 12 March 1966; Robert R. Gilruth to
George E. Mueller, 16 March 1966.

Saturn/Apollo Applications Deputy Directer John H. Disher requested that his
staff study payload capabilities of the Saturn IB to place AAP spacecraft and
modules into low-altitude orbits of varjous inclinations. This part of the AAP
definition effort, Disher said, would be used for evaluating the operational trade-
offs in the general goal of achieving a high-inclination orbit operational capability

in AAP.

Letter, John H. Disher to G. M. Anderson, NASA Haq, “High-Inclination Orbit Per-
formance Studies for SAA,” 14 March 1966.

Homer E. Newell, Associate Administrator for Space Science and Applications,
asked for approval of the ATM project from Deputy Administrator Robert C.
Seamans, Jr. The ATM, Newell explained, was based on an engineering and
definition study effort completed 1 April by Ball Brothers Research Corporation,
as well as evaluation of the concept by four NASA Field Centers—LaRC, God-
dard Space Flight Center (GSFC), MSFC, and MSC.

The Ball Brothers Research Corporation study had been let in September 1965,
said Newell, to determine means of providing an accurate pointing capability for
high-resolution solar-oriented telescopes aboard an Apollo spacecraft. Further
impetus to ATM had come from the agency’s cancellation of the Advanced
Orbiting Solar Observatory at the end of 1965, The ATM, he said, provided the
means to obtain high-resolution data about the Sun during periods of maximum
solar activity and served as a basis for evaluating ability to operate as an essential
element within a complete manned space science system,

The need for quick project approval and hardware development had been recog-
nized by all participating parties, Newell explained, and Goddard Space Flight
Center, MSFC, and MSC had all expressed “deep interest and desire” to man-
age the project. However, after review within his uffice, he had decided to select
Goddard as the most suitable location for development of the ATM. Accordingly,
he asked Seamans to approve the project development plan,

Letter, Homer E. Newell to Deputy Administrator, “Establishment of the Apollo Tele-
scope Mount (ATM) Project,” 17 March 1966, with enclosure, “ATM Project Ap-
proval Docurient” [n.d.].

Gemini Program Manager Charles W. Mathews urged upon Edward Z. Gray,
Director of Advanced Manned Missions, the necessity of proceeding immediately
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with certain phases of the S-IVB spent-stage experiment effort, particularly the
McDonnell procurement for the spent-stage experiment support module and the
North American study of modifications to the CSM. The situation at McDonnell
was especially acute, said Mathews, because of impending phaseout of the
Gemini program; also, certain information on the CSM was needed to definc the
efforts of both contractors on interfacing and spacecraft modifications. In view
of these factors, Mathews asked Gray for approval to proceed with the definition
and study efforts.

Memoiandum, Charles W. Mathews to Edward Z. Gray, “Need for decision to proceed
on S-IVB Spent-Stage Experiment,” 18 March 1966.

‘I'he figures above present two comparisons of the total amount of space available
for crewmen to work in the Apollo/SLA Workshop (to the left in each illustra-
tion) and the Air Force Manned Orbiting Laboratory. T'he MOL space could
be cxpanded downwaril, using more of the empty propellant tank space in the
launch vehicle.

A report by the Military Operations Subcommittee of the Hor ¢ Committee on
Government Operations recommended combining NASA’s .\ _ollo Applications
Program with the Air Force’s Manned Orbiting Laboratory. “Inasmuch as both
programs are still rescarch and development projects without definitive opera-
tional missions,” stated the Committee’s report, “there is reason to expect that
with earnest efforts both agencies could get together on a joint program incorpo-
rating both unique and similar experiments of cach agency.”

U S. Congress, House, Missile and Space Ground Support Operations: Twenty-third
Report by the Committee on Government Operations, 89th Cong., 2d sess., 21 March
1966, H. Rept. 1340, p. 16.
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By an zgr ement NASA and DOD created the Manned Space Flight Experi-
ments Board as a means of coordinating experiment programs on NASA and
DOD space flights. The MSFEB, headed by the NASA Associate Administrator
for Minned Space Flight, nad responsibility for recommending approval or dis-
approval of cand.date experiments; assigning experiments to specific flight pro-
grams; recommending relative priorities to experiments ¢3 be implemented; and
reviewing the status of approved experiments.

NASA Management Instruction NMI 1154.4A, “Manned Space Flight Experime s
Board,” 21 Maich 1966.

NASA released the first AAP schedule. It envisioned 26 Saturn I and 19 Saturn V
AAP launches. Among these would be three “S-IVB/Spent-ftage Experiment
Support Modules” (i.e., “wet” Workshops), three Saturn V-boosted orbital
laboratories, and four Apollo telescope mounts. The initia] AAP launch was
slated for April 1968. The schedule was predicated upon noninterference with
the basic Apollo lunar landing program, minimum modifications to basic Apollo
hardware, and compatibility with existing Apollo launch vehicles.

Apollo Applications Program Schedule ML-4, NASA Hgq, 23 March 1936.

MSFC Director Wernher von Braun appointed Leland F. Belew ac Manager of
the MSFC Saturn/Apollo Applications Prograra Office and Stanley M. Reinartz
as Deputy Manager. Establishment of the Saturn/AAP Office at MSFC was
officially approved by the NASA Administrator on 27 June.

Letter, G. E. Mucller, NASA Hg, to Wernher von draun, 1 July 1966,

In a lengthy letter to Associate Administrator for Manned Space Flight Georg: E.
Mueller, MSC Director Robert R. Gilruth expressed misgivings concerning certain
aspects of AAP planning. Gilruth questioned whether the existing AAY repre-
sented the best approach to the future of manned space flight. Regardiag AAP
per se, he noted the desirability of continued use of \pollo hardware and facilities.
Gilruth’s areas of concern were the lack of a definite goal for the future of manned
space flight; programming around a lumch rite exceeding that for Apollo; and
the use of Apollo hardware for purposes significantly different from the originally
intended usc, thus forcing unsound engincering changes. Also, the MSC Director
expressed his concern over the many chunges i AAP plans (caused largely by
the steadily contracting AAT budget), which, he said, “bzve caused divercion
of management attention and cffort . . . from the mainline programs.” Gilruth
then mapped out what he believed presented a more realistic AAP structure and
direction, empk.. izing foremest the use of Apollo hardware with only minimal
modifications (especially for the two Apollo spacecraft), and called fer carly
definition of the next manned spacc {light program. Finally, he pointed again to
what he belicved was a mismatch between present AAP planning, the varinus
opportunities for manned space flight, and resc .rces available for the program.
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As presently structured, Gilruth stated, AAP would merely maintain the rate of
production and flights of Apollo. ““Merely doing this,”” he concluded, “without
planning for a new major program, and without significant rescarch and develop-
ment as part of AAP, will not maintain the momentum we have achieved in the
manned spaceflight program.” (Sce 15 April 1966.)

Letter, Robert R. Gilruth to George E. Mueller, 25 March 1966.

Acting upon authority granted by Headquarters and approval of MSC’s state-
ment of work, Kenneth S. Kleinknecht, MSC: Gemini Program Deputy Manager,
informed officials in Washington and Huntsville that Houston had presented re-
quests for proposals to Doulas, Grumman, and McDonnell to undertake defini-
tion studies on the Saturn S-IVB spent-stage cxperiment support module
(SSESM). Study coniracts were issued 18 April. The contractors were ordered
to submit definitive statements of work within 60 days proposing a fixed price for
one module (with an option for three additional modules). Under these initial
study contracts, spacccraft hardware already flight-qualified would be used wher-

ever practicable.

Letter, R. R. Giiruth, MSC, to G. E. Mueller, NASA Hc “Saturn IVB spent stage
~xperiment support module,” 1 April 1966.

In response to a request from Deputy Administrator Robert C. Seamans, Jr,,
Saturn, Apollo Applications Deputy Director John H. Disher asked Jerry McCall,
MSFC Deputy Director for Research and Develrnment Gperations, to prepare
cost and schedule estimates for MSFC to integrate the ATM with the LEM. This
request stemmed from a desire by the Office of Space Science and Applications
(OSSA) to acquire ATM experiment data during uf coming periods of maximum
solar activity. Disher listed guidclines for the MSFC estimates:

 OSSA-desired flight dates were April 1968, February 1969, and February
1970.

+ Goddard Space Flight Center would be responsible for development of
experiments aboard the ATM, as well as for the mounting structure and thermal
provisions. )

 MSFC would be responsible for development of modification kits to con-
vert an Apollo lunar-landing-configured LEM to an AAP laboratory configuration
(including provisions for reuse after three to six months storage in orbit); for
development. of interface modification kits needed to integrate the ATM and its
experiments with the AAP LEM laboratory: and for installation of the modifica-
tion kits and the ATM system in the LEM at KSC prior to checkout and launch.

i addition, Disher told McCall that MSFC should examine two approaches to
ATM LEM integration: (1) gimbal mounted and (2) hard mounted with pro-
visions for momentum transfer for fine pointing control.

Letter, John IL Disher to Jerry McCall, 9 April 1266,
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PART 1I: APOLLO APPLICATIONS PROGRAM

MSC awarded a cost-plus-fixed-fee contract to the Allis-Chalmers Manufacturing
Company to develop and test <everal fuel cell systems for possible use on AAP
spacecraft. Allis-Chalmers completed the project at the end of September 1966
but MSC issued a request for proposal fo: continuing the research effort to adapt
the fuel cell to changing AAP requirenients.

Memorandumn, D. W. Lang, M3C, to W, L. Hjornevik, MSC, 6 December 1966.

At a news conference in Colorado, NASA Administrator James E. Webb stated
that the AAP would be hampered by a lack of pavloads unless Congress granted
additional funds in the Fiscal Year 1968 budget. Efforts to ohtain appropriations
for post-Apollo projects were hindered by rising costs of the Vietnamese conflict
and congressional discontent with NASA\'s increasing administrative costs. Asked
about the House Government Operations Committec’s suggestion that NASA
abandon AAP and participate in the Air Force’s Manned Orbiting Laboratory
program, Webb deniced that “‘complete common use”™ of facilities was possible.
He noted that many countries in which the United States had tracking facilities
would not cooperate if those installations were used for military projects.

Denver Post, 15 April 1966.

MSC Director Robert R. Gilruth summarized Houston's position expressed during
discussions with Associate Administrator for Manned Space Flight George E.
Mueller two days earlicr. Gilruth cited NASA's nced for a manned space flight
goal other than “‘using Apollo hardware™ (and suggested a Mars flyby or landing
mission as an in-house focus for planning.) Also, he repeated his concern over the
imbalance between AAP goals and resources, as well as the extent of engineering
redesign and hardware moi”-ation that had been forced upon the project.
Though expressing his and ~ s desire to contribute to and be a part of AAP,
Gilruth voiced concern thau “the future of manncd space flight . . . is in jeop-
ardy because we do not have firm goals, and because the present approach
appears to us to be technically unsound.”

Letter, Robert R. Gilruth to George E. Mucller, 15 April 1966.

Associate Administrator for Manned Space Flight George E. Mue, e informed
Deputy Administrator Robert C. Seamans, Jr., of the Saturn/ Apollo Appiications
Program Office’s ~valuation of a Lockheed proposal to launch space probes from
orbit using Agena rockets launched from AAP stations in spacc. The proposal
was feasible, Mucller advised, but did not seem a desicable mission for inclusion
in the AAP. Lockheed's proposal estimated a 1800-kg payload to Mars, a per-
formance capability not sufficient to justify the proposal solely on a mission basis.
(In contrast, the Satura IB Centaur offered a 4500-kg capability.) The other
aspect of Lockheed’s proposal concerned the development of techniques tor
launching vehicles from orbit. In this arca, the chief contributions anticipated
from AAP were assembly of large vehicles in orbit, fuel transfer, and preparation
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for orbital launch. Final checkout, which Lockheed proposed should be done by
the astronauts, Mueller said could be accomiplished more effectively by ground
engineering groups through telemetry displays. Therefore, he recommended to
Seamans that the proposal not be considered for inclusion in Saturn JAAP.

Letter, George E. Mueller to Deputy Administrator, “‘Lockhced Proposal to Launch
Space Probes Uring Agenas Flown from AAP Vebhicics,” 15 April 1966.

MSC Director Robert R. Gilruth designated Deputy Director George M. Low as
the principal focus and point of contact for all matters pertaining to AAP. This
action, Gilruth told George F. Mueller, NASA Hgq, was only a short-range
measure. He stated that he planned to create an AAP office as soon as practical,
but that such action would take a number of wecks because it would involve a
number of people throughout the Houston organization.

Letter, Robert R. Gilruth to George E. Mucller, 21 April 1966.

NASA Deputy Director Robert C. Seamans, Jr., told Associate Administrator for
Space Science and Applications Homer E. Newell that he had no choice but to
delay initiation of development competition on the ATM until the AAP funding
picture for the next two fiscal years became clearer. Because he had been unable
to identify any source for the funds that would be required for the project during
Fiscal Year 1967, Seamans said, “I am extremely reluctant to start a competition
in industry at a time when we cannot see our way clear to proceeding in a timely
fashion.”

On the other hand, he said he recognized Newell’s deep interest in the ATM
project and its scientific value and he was ready to proceed with advanced study
work. Accordingly, he said he had signed the sole source award to Ball Brothers
Rescarch Corporation to study adapting the ATM for automatic observations in
orbit beyond the basic 14-day manned mission and to study adapting the ATM
to the Apollo lunar module (LM) for extended manned operations. Seamans
expressed his own conviction that, to meet the objectives of the AAP mission at
the carliest possible time, it would be best to mount the ATM directly on the
Apollo command and service modules. If the present fiscal problem precluded
such an arrangement, he told Newell, the agency would then be in a better
position at a later datc to decide whether the ATM should be included as part
of the LM or whether some alternate approach should be used.

Memorandum, Robert C. Seamans, Jr., to Homer E. Newell, “ATM,” 22 April 1966.

MSC Deputy Director George M. Low proposed that Gemini Program Deputy
Manager Kenneth S. Kleinknecht head the Source Evaluation Board, comprising
members from Headquarters, MSFC, and MSC, for the Siturn S-1VB spent-
stage experiment support module. Pending formal approval. Low said, MSC
planned to go abead with sundry preevaluation activities so as not to impede
formal contractual etforts.
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TWX, George M. Low to E. Z. Gray, NASA Hq, 22 April 1966.

MSC Assistant Director for Flight Crew Operations Donald K. Slayton and
several astronauts (notably Joseph P. Kerwin) voiced concern regarding the
purposes and proposed work statement for the S-1VB spent-stage experiment
support module. As well as pointing out the general lack of experiment planning
and hardware, Slayton and Kerwin noted a number of operational and safety
concerns surro i 1ding purging the stage’s hydrogen tank to create : aabitable
structure in space.

Memorandum, Donald K. Slayton to Office of Program Control, Attn: L. A, Stewart,

“e

5-1VB experitient module work statement,” 6 May 1966, with enclosure, memo-
randum, Joseph P. Kerwin to Assistant Director for Flight Crew Operations, “Com-
ments on Saturn IVB Spent-Stage Statement of Work,” 6 May 1966.

Replying to a suggestion by MSC Dircctor Robert R. Giiruth that AAP capitalize
on Apollo hardware to an cven greater extent by using refurbished CSMs, Asso-
ciate Administrator for Manned Space Flight George E. Mucller deferred any
action toward implementing a competitive effort for such work. This was neces-
sary, he said, because of the present unsettled nature of AAP rlanning. Because
of revisions in AAP mission planning as a result of joint Center-Headquarters
discussions in mid-April, however, Mueller told Gilruth that he was ordering
MSFC to undertake a parallel study to evaluate a refurbished CSM versus a
LEM laboratory for the AAP experiments program. Results of both studies
would help program planners determine whether and in what configuration a
refurbished CSM might best fit into AAP mission planning. That same day,
Saturn/Apollo Applications Deputy Director John H. Disher wrote to Leland
F. Belew, Saturn/AAP Manager at MSFC, asking that he order the AAP pay-
load integration contractors to evaluate the refurbished command module concept
compared with the LEM lab and the § TVB support module.

Letters, George E. Mucller to Robert R, Gilruth, 11 May 1966; John H, Disher to
Leland F. Belew, 11 May 1966.

H. Julian Allen, Director of Ames Rescarch Center, requested from MSC Direc-
tor Robert R. Gilruth technical design information and details of AAP study con-
tracts. Allen requested this information so that, in line with a direciive several
months earlier to investigate the {easibility of including bioscience experiments on
AAP Earth-orbital missions, Ames could establish conceptual approaches and de-
fine feasible methods for satisfying cxperiment hardware requirements.  Charles
Wilson, Biosatellite Manager at Ames, was heading up the experiment definition
task, said Allen.

Letter, H. Julian Allen to Robert R, Gilruth, 18 May 1966.

Associate Administrator for Manned Space Flight George E. Mueller held a
major technical planning session on the AAP with principal Headquartus AAP
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officials and representaties of the three manned spacecraft Centers. The more
fundamental programmatic and design decisions included the concept of a “de-
pendent” spent-stage experiment support module (SSESM) and S-1VB Workshop
(i.e., fuel cells in the CSM would support the entire vehicle); a process by which
expendables in the SSESM would be fed to the CSM via external umbilicals;
and development of extended-duration fuel cell assemblies for long-duration syn-
chronous and lunar orbit AAP missions. Also, Mueller reaffirmed an early 1968
schedule for availability of the first SSESM; that the first flight article would be
a simple structure with no “follow-on goodies” (such as dual docking capabilities);
an unmanned SSESM launch; CSM-SSESM orbital stay times of 14 days, with
the capability to cxtend the flights to 28-day missions; and that the current
SSESM dcfinition studies at MSC: must produce design specifications adequate
for a fixed-price phasc I1 contract to build the first flighy article.

Memorandum for record, W. B. Taylor, “SAA Review with Dr. Mucller, May 18,
1966,” 20 May 1966.

Associate Adrainistrator for Manned Space Flight George E. Mueller officially
named Kenacth S. Kleinknecht, Gemini Program Deputy Manager at MSC, to
head the Source Evaluation Board (SEB) for the S IVB spent-stage experiment
support module (SSESM). Mueller personally charged Kleinknecht with under-
taking this task, since the SEB had been created before formal approval of cither
the project or the procurement plans. Under these circumstances, Mueller
cautioned Kleinknecht and the Board to avoid any commitment that NASA
would pursue the phase 1I part of tne cffort or cven that onc of the phase I
contractors would be selected if and when the project were approved.  Also,
Mucller reminded him of the compressed schedule requirements and limited
resources immediately available for the SSESM project. Thus, said Mueller,
emphasis should be placed upon costing and firm schedule commitments on the
part of the contractor. ‘The SSESM technical concept and design must be
adequate fo mect mission requirements, but no cost or schedule penalties should
be accepted for “unnccessary design refinements.”

Letter, Grorge E. Mueller to Kenneth 8. Kleinknecht, 20 May 1966, with enclosure,
letter, George E. Mucller to Director, MSC, “Source Evaluation for an S-1VB Spent
Stage Experiment Support Module (SSESM)," 20 May 1966.

Representatives of the Air Force and NASA met at Brooks AVFB, Texas, to ex-
chznge inforn.ation on medical experiments planned for the Air Force’s MOL
project and NASA's AAP. Stanley White, who headed the USAF group cf aero-
space medical experts, expressed strong interest in exploiting NASA's AAP project
to study the effects of long-duration space flight on hunian life processes. White
stated the Air Force's desire that MOL thus be relieved of this experiment burden
so program planners could direct the program more closely toward evaluating
man’s utility for miliary space operations. The meeting furnished the basis for
closer ties between the two organizations on their biomedical activities, observed
NASA's Acting Director of Space Medicine, Jack Bollerud.
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Letter, Jack Bollerud to Dist, “USAF (MOL)/NASA Biomedical Experiment Dis-
cussion,” 1 August 1966, with enclosure, emorandum for record, “USAF (MOL)/
NASA Biomedical Experiment Discussions, 20-21 May 1966," 16 June 1966,

L. W. Vogel, Exccutive Secretary to the Administrator, notified Associate Admin-
istrator for Manned Space Flight George E. Mueller that Administrator James
E. Webb and Deputy Administrator Robert C. Seamans, Jr., had selected Martin
and Lockheed to perform the final definition studies (phase C) for the payload
integration aspect of the Apollo Applications Program. (These selections were
based upon presentation by the Source Evaluation Board and comments of senior
project officials involved.) The fixed-price contracts, expected to be worth about
$1.2 million, each, were to run for one year.,

Letter, L. W. Vogel to Associate Administrator for Manned Space Flight, “Selection of
Contractors to Accomplish Apollo Applications Program Payload Integration Defini-
tion,” 1 June 1966.

The newly created Source Evaluation Board for the SSESM held its first meeting,
and members made tours of the three study contractors’ plans. All three study
contractors had completed preliminary design work and were currently examining
design details critical to weight and costs. Program officials already had impressed
upon the three firms the crucial importance of low cost. F urther, they had been
told to concentrate on the SSESM configuration and were requested to study use
of cryogenics in the SSESM for reactivation of the SSESM/S-IVB Workshop
during subsequent flights,

Memorandu.n, John H. Disher, NASA Hg, to Associate Administrator for Manned
Space Flight, “SAA Weckly Status Report for Week Ending, Noon, June 2, 1966,”
7 June 1966.

George M. Low advised Headquarters that MSC was reducing its funding request
for Fiscal Year 1967 in support of rescarch on a land-landing capability for the
AAP. Specifically, this program reduction invoived halting all work dealing with
braking rackets and attenuation systems and concentrating all effort on prototype
development of several types of lifting parachute and parawing designs. These
program changes were mandatory, Low stated, because of limited AAP develop-
ment funds and because a land-landing capability was still not a firm objective
(even though MSC had previously presented such a program leading to a land-
landing capability for AAP by the end of 1969),

Letter, George M. Low, MSC, to NASA Hq, Aun: John H. Disher, “Revision of
1966-67 funding request for AAP landing progran,” 9 June 1966,

George M. Low, in a letter to Associate Administrator for Manned Space Flight
George E. Mueller, proposed a general test plan for evaluation of Apollo vehicles
and subsysterns to cover the requirements of AAP., Subsequently, the Engineer-
ing and Development Dircctorate at Houston drew up specific test plans covering
individual items in the general plan, Ou 18 July, Low submitted to AAP Deputy
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Director John H. Disher for approval the fir of these specific AAP test plans,
covering extension of the Apollo Block 11 fuel celt from 400 to 1000 hours. Disher
approved the plan several days later, and MSC officials began working out
contractual details with tac fuel cell contractor, Pratt and Whitney.

Letters, George M. Low, MSC, to NASA Hgq, Aun: John H. Disher, “AAP Test
Program—Block 11 Fuel Cell Test Plan Approval.” 18 July 1966, with enclosure,
letter, J. G- Thibodaux, Jr.. o Director of Engineering and Development, “Combined
Apullo/:\.-\l" esting- - plans for implcnwnl;\liou," 40 June 1966: John H. Disher to
George M. Low, “Extended Block 11 Fuel Cell Testing for AAP," 21 July 1966.

Robert R. Gilruth advised George E. Mueller of Houston's work to define testing
requirements on basic Apollo vehicles and subsystems to cover requirements for
the AAP. (Mueller had requested such a study by MSG at the end of November
1965.) Objectives of the MSC study, said Gilruth, were to (1) specify a test
program for defining the limitations of Apollo hardware for AAP missions;
(2) explore the feasibility of combining Apollo and AAP testing to reduce costs
and climinate duplication; and (3) minimize impact on Apollo per sc. Houston’s
study drew upon support of AAP groups at both North American and Grummar,
and results of their work were wreened by appropriate clements within MSC’s
Engincering and Development Directorate. Only a small number of tests would
be required to assurc extension of the command and service mouules” capabilities
to fulfill AAP's 45-day goal, Gilruth reported.  Abo, although some hardware
problems existed, these appearea to be not solely AAP-related, but .»\pollo-rclatcd
as well. And, although some testing objectives already were evident, most had to
await better definition of mission objectives, as well as configuration of the overall
vehicle {especially for the lunar excursion module). Morcover, through better
definition of the overall AAP test program and requirements vis-d-vis Apollo,
Gilruth estimated that the progrium might be cartied out ata cost several millior
dollars less than previously estimated.

Letter, Robert R Gilruth, MSC, to George E. Mucller, NASA Hq. 9 June 1966.

Associate Administrator for Space Science and Applications Homer E. Newell
renewed his request for approval of ATM development to Deputy Administrator
Robert C. Seamans, Jr. (See 17 March 1966). Newell repeated that detailed
ctudies in touse and under contract had established the feasibility of an ATM for
conducting high-resolution observations of the Sun. He pointed out that a formal
ATM organization had been created at Goddard Space Flight Center with over
30 people working full time on the project, and that they had prepared detailed
wientifie, technical, and management plans and were ready to begin the project
immediately.

Newell emphasized the importance of the ATM to the averall NASA solar physics
program. Cancellation of the Advanced Orbiting Solar Observatory project, he
«id, left the Orbiting Solar Observatory as the only approved program devoted
to solar physics and that spaceeraft did not have the technical capability to carry
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out the high-resoluiion studies so urgently needed. Newell pleaded for project 1966
approval and assignment of necessary funds to his office so that the ATM could
be completed in time for a planned launch in 1969, the next period of maximum
solar activity.

June

Letter, Homer E. Newell to Deputy Administrator, “Apollo Telescope Mount (ATM),” i
1Y June 1966, : 1

In preparation for upcoming evaluation of spent-stage experiment support module 10 J
proposals, Kenneth S. Kleinknecht, Chairman of t! : SEB, estzblished Technical :
and Business Manugement Committees to conduct actual evaluations. Klein- f :
knecht expected that evaluation of the proposals due 17 June would begin as A
soon as they were received from the initial study contractors, Douglas, McDonnell, : 3
and Grumman,

Letter, Kenneth S. Kleinknecht, MSC, to Dist.,, “Appointment of Source Evaluation E 3
Committees for Saturn IVB Spent-Stage Experiment Support Module Part II Pro-
posals,” 10 June 1966.

i

Reflecting MSC’s concern over several crew-safety factors regarding the suit- 16
ability of the S-IVB hydrogen tank as a habitable structure to support the

SSESM program, Gemini Program Manager Charles W. Mathews requested

that officials at MSFC determine the compatibility of pressurization oxygen with

possible out-gassing hydrogen and the possible effects on eclectrical cabling. A
Matkcws desired such information as soon as possible, since results of this investi- : i
gation would affect contractor =fforts on the SSESM project. (See entry, 6§ May ‘
1966.)

TWX, Charles W. *fathews to MSFC, Attn: W. A. Ferguson, 16 June 1966.

E. E. Christensen, Mission Operations Director in NASA Hg, recommended to 20

Associate Administrator for Manned Space Flight George E. Mueller that the

Office of Manned Space Flight chauge its flight crew organizational setup from

a decentralized, program-oriented type to a consclidaicd responsibility in one

office (within mission operations). Previously, when emnhasis was on hardware

design and development, Christensen said, such a fragmentation of responsibility

had helped preserve the integrity of a given program. Centralized authority now

secemed more appropriate, with major hardware systems largely defined and

OMSF rapidly changing to an operations-oriented phase. Mueller approved ;
Christensen’s suggestion on 2 July.

Memorandwin, E. E. Christensen to George E, Mucller, “Proposal to Consolidate
OMSY Flight Crew Cperations Functions in Mission Operations (MO),” 20 June 196€,

Gerald M. Truszynski, Deputy Associate Administcator for Tracking and Data 22
Acquisition, advised Mission Operations Director E. E. Christensen that a central
probiem foreseen for upcoming multipie-launch AAP missions was the limited

79

S 0 SR
et o B R e A g 8 L O e
< oerer TLEITT -

it A E § ASaARAAih B o WS




1966

June

July

SKYLAB: A CHRONOLOGY

capability of the Manned Space flight Network (MSFN) unificd S-band stations
simultaneously to support two separate spacecraft. Unlike the facilities that had
permitted support of the dual Gemini-Titan VI and VII missions, the Apollo
network had only one antenna at each station. Perforinance limitations of the
system might prove unacceptable, Truszynski said, particularly when considering
abort possibilities and other contingencies. He suggested two possible solutions:
(1) support one of the spacecraft via the S-band system and the second by C-band
radar, VHF tclemetry, UHF command, and VHF voice when necessary (al-
though this approach would require modifications to the block I CSM; (2) add
a second 9-m antenna system at each MSFN station to provide full S-band to
both spacecraft at the same time. (This latter approach, he noted, might cost
some $2 million per station and take about two years to complete.) Truszynski
requested thai Christensen include these MSFN suppor. limitations in all mission
planning for multiple-launch flights prior to mid-1969 and keep im advised as
to what approach he wanted to pursue to support such multiple-launch missions.

Memorandum, Gerald M. Truszynski to Director, Missio: Operations, “MSFN Sup-
port of Apollo and SAA Multiple Launch Missions,” 2% June 1966.

Fdward Z. Gray, Advanced Manned Missions Program Director in NASA Hg,
criticized both MSFC and MSC for failing to present a realistic and viable
experiment program for the AAP S-IVB Workshop. From the outset, Gray said,
all recognized that AAP experiments had to be relatively simple and economical
because of the requirement for carly delivery of flight-qualified hardware (i.e.,
the fall of 1967) and fiscal limitations during Fiscal Years 1966 and 1967. The
responses from MSFC and MSC so far, he stated, “do not constitute a reasonable
program.” Cray noted that experiments to assess the habitabiliz of a spent stage
(and also to develop design eriteria for space stations) were almost totally absent.
Several experiments were wholly unrelated to the Workshop and required little
or no participation of the crewmen. *“In my estimation we have not faced up to
the problem of defining a useful st of cxperiments,” Gray concluded. Unless
great effort and imagination were brought to bear on this problem, he warned,
“we will be hard pressed to defend the phase D effort on the Workshop which
should constitute a key clement of our Saturn Apollo Applications Program.”

TWX, Edward Z, Gray to MSFC and MSC, “S IVB Workshop Experiments Pro-
gram,” 28 June 1966.

MSFC announced a number of appointments to fill out the Saturn/Apollo Pro-
gram Office staff: Stanlev R. Reinartz, Deputy Manager; Hilmar W, Hacnisch,
Assistant Manager; Jack C. Swearingen, Manager, Program Control Office;
Rein Ise, Manager, Apollo Telescope Mount Project; and Jack H. Waite, Man-
ager, Mission Planning and Experiments Project (later redesignated Lxperiment
Development aad Payload Evaluation Project).

MSFC, Skylab Hlustrated Chronology 1962-1973, | May 1973, p. 8,
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PART II: APOLLO APPLICATIONS PROGRAM

At Houston, MSC Decputy Director George M. Low was appointed Acting
Manager of the newly established Apollo Applications Program Office. Robert
F. Thompson was named Assistant Manager. At MSFC, Leland F. Belew was
designated Manager of the new office. The two new offices were made responsible
for all “activities concerned with projects using Apollo hardware for purposes in
addition to the manned lunar landing.” A new Experiments Office headed by
William G. Johnson was also established at MSFC,

MSC Announcement 66-92, “Establishment of the Apollo Applications Program Office
and Designation of the Acting Manager and the Assistant Manager,” 6 July 1966,

In a memorandum to Headquarters staff members, Advanced Manned Missions
Program Director Edward Z. Gray summarized the three separate study efforts
underway within NASA directed toward evaluating the S-IVB stage as a manned
laboratory:

(1) The spent-stage experiment support module (SSESM) study, a joint
effor: by MSC and MSFC.

(2) A spent S-IVB-stage utilization study at MSFC.

(3) A Saturn V single-launch space station.

Gray noted that the SSESM study had as its chief objective an airlock and
aitendant subsystems to support an early spent-stage laboratory to conduct 30-day,
three-man flights. The second study, to be initiated following competition, sought
to examinc concepts for an advanced spent-stage laboratory dependeat upon
regular resupply. The last approach, approval for which had yet o be gained,
Gray called the “brute force™ approach to a space station. In this concept, to
achieve a one-year space station, the S-1VB stage was to be launched by a Saturn
V and would not be requircd to perform as a propulsive stage. No resupply
would be necessary except for experiments and crew rotation, and existing sub-
systems could he employed. Gray emphasized how crucial it was that ongoing
and plenned study efforts compare the advantages and disadvantages of simple
spent-stage concepts, more sophisticated spent stages, and brute-force stations to
accomplish the experiments under development. In this manner, when budgetary
decisions must be made during forthcoming years, the agency would not be faced
with, as Gray said, “a succession of pallet/ LEM-lab,/workshop-iype problems
with insufficient information to make sound choices.”

Memorandum, Edward Z. Gray to Director, Program Revicw Division, “S-1V'B Stage
Space Station Concepts,” 7 July 1966.

George M. Low expressed his reservations about the validity of planning a
synchronous-orbit mission for AAP. In a ncte to Maxime A. Faget, Low
commented on the recent interest in such a iaission and voiced his own doubt
corcerning cither the need for or the desirabiiity of such a fiizk.. Low stated that
such things as synoptic views of terrain or weather phenomena could be done just
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as well from low Earth orbit using mosaic techniques. Moreover, low orbits
afforded simpler operations, much greater payload capabilities, and minimal
radiation hazards. Low askec Faget to have his organization prepare an analysis
of low Earth-orbit versus synchronous-orbit operations in preparation for up-
coming AAP planning discussions in Washington at the end of the month.

Memorandum, George M. Low, MSC, to Maxime A, Faget, MSC, “Synchronous orbit
missions for AAP,” 9 July 1966.

Meeting at Headquarters, Deputy Administrator Robert C. Seamans, Jr., Asso-
ciate Administrator for Manned Sprce Flight George E. Mueller, and Associate
Administrator for Space Science anu Applications Homer E. Newell made several
significant program decisions affecting AAP and post-Apollo development plan-
ning in general:

« MSFC weld be the lead Center for developing the ATM and would be
responsible for all astronomy experiments.

¢ MSFC would be the lead Center for “lunar engineering”—i.e., design
and development of lunar exploration vehicles (including surface modules, suoply
trucks, and roving vehicles).

« MSC would have responsibility for Earth resources and lunar scientific
experiments.

Memorandur.. for record, E. J. Brazill, NASA Hag, “Meeting Held on Monday, July 11,
1966 by Dr. Scamans, Dr. Mucller and Dr. Newell,” 15 July 1966.

During informal discussions in Washington, Associate Administrator {or Space
Science and Applications Homer E. Newell was asked his views regarcing the
agency’s options for post-Apollo space projects. Newell's reply, reflectirg to a
great extent the thinking of scicntists within the agency, cited three chi=f factors:
Earth-orbit missions, solar exploration, and orbiting astronomical obs¢rvatories.
A'so, Newell played down the importance of the scarch for extraterresirial life in
connection with solar exploration in the post-Apollo peried.

Memorandum for record, J. C. Satterthwaite, NASA Hq, “Pust-Apollo,” 12 July 1966.

Apollo Applications Program Deputy Director John H. Disher created the
Saturn/Apollo Applications Mision Planning Task Force to oversee and co-
ordinate mission definiiion for proposed AAP missions. The group, headed by
William D. Green, Jr., of thc AAP office in Washington, included members fro'a
the theee manned Centers as well as Headguarters. Disher charged the group
with a number of specific responsibilities:

« Determine the feasibility of accompliching the proposed AAP missions,
including objectives, experiment compatibility, spacecraft and launch vehicle
characteristics, crew capabilities, facilities requirements, mission contingencics,
and off-nominal operation,
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PART II: APOLLO APPLICATIONS PROGRAM

* Conduct analyses on allocation of experiments to different spacecraft
modules, as well as alternate modes of mission and experiment operation.

* Recommend resolutic.ns whenever conflicts arise over hardware or mission
issues.

In all of these areas, the task force acted as an advisory body to the program
director.

Letter, John H. Disher to Dist., “Saturn/Apollo Applications Mission Planning Task
Force,” 13 July 1966, vvith enclosure, Saturn/AAP Program Directive No, 1, “Saturn/
Apollo Applications Mission Planning Task Force,” 13 July 1966,

NASA announced that project management responsibility for the ATM had been
assigned to M:FC. Under the agency’s “phased project planning,” any decision
to begin ATM hardware development must await preliminary desiga study and
evaluation at Marshall. But as conceived at this stage, the ATM would comprise
several high-resolution solar tclescopes attached to the Apollo spacecraft, to be
operated by scientist-astronauts. Subsequently, ATM experiments contracts also
were transferred from Goddard Space F light Center to Huntsville.

NASA Ncws Release 66185, “Telescope Mount for Apollo Flight Assigned by NASA,”
13 July 1966; letter, Homer E. Newell, NASA Hgq, to George E. Mucller, NASA iq,
1 Scptember 19G6.

Through a formal memorandum of understanding between NASA and the De-
partment of Defensc, the two agencies established the Joint Manned Space Flight
Policy Committee to coordinate, at the policy level, manned space flight pro-
grams of the respective orgenizations. The committee was presided over by
Cochairmen John C. Foster, Jr., Director, Defense Research and Engineering,
and Robert C. Seamans, Jr., NASA Deputy Administrator. Funcdons of the
committec were to resolve matters of mutual interest between the two agencies; to
agree on decic ons involving top policy determinations; and to facilitate exchange
of information and views regarding coordinated planning of manned space flight
programs within NASA and the Defense Department. (This agreement super-
scded a similar earlier coordination greup established in mid-January 1963, the
Gemini Program Plunning Board.)

NASA Management Instruction NMI 1154.2, “Manned Space Fligh Policy Commit-
tee,”” 14 January 1966; memorandum, John C. Foster, Jr., and Robei* C, Seamans,
Jr., to Secretary of Defense and NASA ¢ .dministrator, “Manned Space Flight Policy
Committee,” 913 January 1966, with cnclosure, “Memorandum of Understanding
Between The Dcpartment Of Defense And The National Aeronautics And Space
Administration Concerning The Manned Space Flight Programs Nf The Two Agen-
cies,” 1:-14 January 1966,

George E. Mueller, Associate Director for Manned Space Flight, officially assigned
Headquarters management responsibility for development of the S-IVB Orbital
Workshop and SSESM to David M. Jones, Acting Saturn/Apollo Applications
Program (S/AAP) Director. Exper.ments as « part of the SSESM :...d Workshop

83

1966

July

13

14

e e T r b ST




1966

July

19

SKYLAB: A CHRONOLOGY

programs, Mueller said, would still be piocessed through the Manned Space
Flight Experiments Board for approval.

Memorandum, George E. Mucller to Acting Director, $/AAP, “S-IVB Workshop and
SSESM Development,” 18 July 19€0.

NASA Deputy Administrator Robert C. Seamans, Jr., ordered the heads of
program offices at Headquarters to conduct a 60-day study to update planning
for a permanent manned space station in light of current thinking and recent
program developments. The study, a joint Headquarters-Field Center under-
taking, was conducted under the auspices of the Planning Coordination Steering
Group and comprised twe separate subject areas: (1) a study of requirements
and constraints for a permauent station to meet a broad range of scientific
objectives; and (2) a similar study of hardwase configurations, mission operations,
costs and schedules, and development plans. (The two separate study groups were
headed by Charles J. Donlan 2nd Edward Z. Gray, respectively.) Also, as
Seamans phrased it, since it was “still a question whether a pecrmanent space
station is the best approach to achieving the envisioned missinn objectives,” the
study group’s report should assess its advantages and disadvantages. He empha-
sized that the study in no way implied that NASA had, in fact, decided to develop
or even propose such a permaner.t manned station in space. It would, however,
“help us to decide if such a course is desirable and when.”

Scamans also described the interrelationship between the space station and
NASA’s current manned programs, particularly the AAP. The studies, he said,
should recognize AAP planning alrcady underway and should assist in defining
AAP activities that should form precursors to an actual space station (including
experiments and operational capabilitics, as well as supporting research and
devciopment). The study must, above all, “consider the logical growth pattern
which should evolve from the AAP program to a space station.”

Memorandum, Robert € Seamans, Jr., to Dist., “Preliminary Study of a NASA
Manned Spa-c Station,” 19 Tuly 1966.

Following the decision of Deputy Administrator Robert C. Seamans, Jr., to assign
development responsibility for the ATM project to MSFC (see 11 July 1966), the
manned space flight organization had concentrated its efforts on sclecting the best
location for the ATM within the Apolle spacecraft. Associate Administrator for
Manned Space Flight George E. Mucller informed Seamans of their recommen-
dation--and requested his approval—that the ATM be mounted within the LM.
Mucller cited the design tradeoffs that led to this recommendation, the foremost
being that the LM-mounted ATM, modified for storage and reuse in orbit,
offered the greatest potential for meeting ATM performance requirements and
experiment objectives, including the pessibility ¢f manned operation while de-
tached frem the CSM and thus free from external disturbances during fine
pointing o seations. (Other possible installation locations considered but rejected
were an empty bay of the service moduie; a specially built rack for the ATM that
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would be lannched inside the adapter section where the LM normally rested; and
inside the spent-stage experimenit support module.) Mucller stated that the LM-
mounted ATM could be accomplished with programmed funds using MS:1 C
in-house rffort. Also, the system would include use »f the LaRC-developed con-
trol mor. :nt gyro system for fine pointing control.

Memorandum, George E. Mueller to Deputy Administrator, “Apollo Telescope Mount
Installation,” 19 July 1966.

Harold Glaser, Deputy Chief of Solar Physics at Headquarters, presented to Ad-
vanced Manned Missions Director Edward Z. Gray dctailed arguments justifyirg
sole-source award of a contract to North American to study engincering problems
associated with incorporating large ‘elesc~nes and other scientific equipment into
the Apollo spacceraft. (Glases also argied for a similar contract to Harvard
University for tech.ical and scientific assistance to North American.) This efforz,
a coordinated effort betwcen ¢ 2 Advanced Mission Planning Grovps in the
OMSF and the Physics and A<tronomy Programs in the OSSA, he toid Gray,
was essential to make maximum usc of th- Apollo Extension System as an orbital
platfcrm for a variety of scientific experiments.

Letter, Harold Glaser to Edward Z. Gray, “Sole Source Justification for Noncom-
petitive Procurement. ..,” 19 July 1966.

KSC announced creation of an Advanced Programs Office within the Apollo
Program Office. The new group, headed by Robert C. Hock, was given respon-
sibility for overall Center planning in the advanced programs area, including
Saturn/Apollc Applications.

Spaceport News, 21 July 1966, p. 5.

George M. Low summarized MSC’s thinking regarding proper location of the
ATM with the AAP payload configuration. Low affirmed Houston’s app.oval of
the recent assign ac 5t of total responsibility for the ATM to MSFC (an assign-
ment that MSC he . supported from the outset). The most important task now
was to “get on with the ATM i a most expeditious manner so that we can
demonstrate once and for all that there is a major place for science and applica-
tions in manned space flight.” Further, Low said, getting on with the job meant
“makinz Marshall's job as simplc and as straightforward as possible.” Because i
extremely complex technical and managerial interfaces, the benefits of total
systems responsibility at MSFC would be lost if the ATM were mounted on an
Apollo LM. “We frankly don't believe thaw i jub cai be done in this manner
in any reasonable length of time,” he said. For much the same reasons, MSC
also withdrew carlier recommendations that the ATM could be located in a sector
nf the service module or ir: the spent-stage experiment supporc module. Rather,
he urged that the ATM be integrated into a sclf-contained rack fitted into the
adapter area and launched aboard a single velicle along with the CSM. T, .~
cired a number of specific objections to Headquarters” recommendation that the
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ATM be in the LM, even though the approach was technically feasible and
offered several important advantages. Nonetheless, he repeated his view that
operational factors, technical and managerial interfaces, and cost and :chedule
considerations all favored a rack-mounted approach. Crew safety faciors alone
were ample justification for such an approach, and he urged that Headquarters
and MSFC proceed with such a design at the earliest possible date.

Letter, George M. Low, MSC, to John H. Disher, NASA Hq, 22 July i966.

William A. Ferguson, MSFC Orbital Workshop Project Manager, made a pre-
sentation on the OWS as an experiment to the Manned Space Flight Experiments
Board (MSFEB). Associate Administrator George E. Mueller approved the

experiment for flight on AS-209.

Manned Space Flight Experiments Board, “Minutes,” 25 July 1966.

John H. Disher, Saturn /Apollo Applications Deputy Director, advised his Systems
Engineering Director that, on the basis of studies and review within both the
OMSF and the OSSA, the choice of location for the ATM had been narrowed
down either to the LM ascent stage (with a “half rack” in place of the descent
stage) or to a specially designed rack structure completely supplanting the LM.
Disher requested additional information on both of these approaches to help in

making final recommendations:

(1) A comparison of command and service modules interfaces for the two
concepts.

(2) An analysis of interfaces between the LM rack and the ascent stage.

(3) Descriptions of the subsystem installations for both the LM ATM and the

rack ATM.

Memorandum, John H. Disher to Director, Systems Engineering, “ATM LM vs.

Rack Installation,” 25 July 1966.

Deputy Administrator Robert C. Seamaus, Jr., formally notified Associate Ad-
ministrators Mac C. Adams, Edmond C. Buckley, George E. Mueller, and Homer
E. Newell that he had assigned full responsibility for Apollo and AAP missions to
Mueller’s Office of Manned Space Flight. This decision, he said, was in line with
the “fundamental policy of NASA that projects and programs are bast planned
and exccuted when these responsibilities are clearly assigned to a single manage-
ment group.” Thus, OMSF had full responsibility for AAP hardware systems,
integration of experinients, and conduct of the missions. At the same time,
Newell’s Office of Space Science and Applications, the office with overali respon-
sibility for the scientific content of NASA’s space flight programs, had the task of
selecting experiments to be flown aboard AAP missions, as well as for analysis
and dissemination of data collected. Likewise, Adams’ Office of Advanced Re-
search and Technology was responsible for technology experiments aboard
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manned space flights, while Buckley’s Office or Tracking and Data Acquisition
was charged with satisfying the communications requirements for experiments as
specified by the other offices involved.

Memorandum, Robert C. Seamans, Jr., to Dist., “Management Responsibilities for
Future Manned Flight Activities,” 26 July 1966.

George E. Mueller, Associate Administrator for Manned Space Flight, advised
Robert C. Seamans, Jr., of progress toward selecting the proper location of the
ATM with the AAP payload cluster and requested his approval of the preliminary
project development plan. Moueller. urged proceeding immediately with the
project based upon mounting the ATM on a rack structure that would (1) either
supplant the descent stage of the LM (thus using the LM ascent stage for mount-
ing experiment consoles and for supporting the crew during periods of observa-
tion) or (2) attach directly to the Apollo CSM. Mueller recommended beginning
development work on the ATM project immediately, rather than deferring such
action until the end of the year, in order to ensure flight readiness during the
1968-1969 period of maximum solar activity. Also, Mueller strongly supported
Seamans’ suggestion that much in-house effort and manpower at MSFC <ould be
brought to bear on the ATM development program. Indeed, Muellei stated that
such a course was essential to successful prosecution of the ATM project within
available resources, even though several important industrial contracts for ATM
components were still necessary.

Memorandum, George E. Mueller to Deputy Administrator, “Apollo Telescope Mount
Project,” 2 August 1966.

George E. Mueller, Associate Administrator for Manned Spa.: 7’light, recom-
mended to Deputy Administrator Robert C. Seamans, Jr., that NASA proceed
with its procurement effort on an S-IVB airlock module (AM) experiment as
part of the dual-launch Apollo-Saturn 209-210 mission. The AM, to replace a
LM aboard one of tke vehicles, was to serve as the module affording a docking
adapter at one end to permit CSM docking and at the other end a sealed con-
nection to a hatch in the spent S-IVB stage of the rocket. The AM, a tubular
structure about 4.5 m long and 3 m in diameter, would thus provide a pres-
surized passageway for the crew from the spacecraft to the empty interior of the
S-IVB hydrogen tank. Oxygen tanks in the module would pressurize the AM
and interior of the S-IVB to create a “shirt-sleeve” environment for the crew.
Objectives of the AM, Mueller explained, were to investigate the feasibility of
using a spent rocket stage as a large habitable structure in space and to develop
the capability for long-duration manned missions. If successful, he told Seamans,
the AM would give NASA an carly capability for manned expc.imentations and
operations in space. Definition and design of the AM had already been com-
pleted, and the experiment already had approval of the Manned Space Flight
Experiments Board. Moreover, procurement bids had been received from indus-
trial firms and results of thc competition presented to Administrator James E.
Webb in mid-July. Thus, because the AM‘prcsentcd “a unique opportunity to
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investigate a major new manncd space flicht capability at a reasonable cost,”
Mueller urged Seamans to Approvc its carly procurement.

On 2 August, Scamans presented Mueller’s arguments to Webb, rccommending
approval of the AM experiment. Seamans rcasoned that the experiment, if
feasible, would provide the United States with a major new capability for long-
duration manned space operations without interfering with the basic Saturn 1B
launch vehicle program or the mainline Apollo lunar landing goal. Webb
approved Scamans’ arguments the following day, with an added comment:
“particuiarly as it [the AM] would open up additional areas of knowledge we
might need if Fussian programs accelerate to the degree that we wish to add to
our manned operations with least lead time and maximum use of Apollo
equipment.”

Memoranda, George E. Mueller to Deputy Administrator, “SIVB Airlock Experi-
ment,” 2 August 1966 Robert C. Seamans, Jr., to James E. Webb, same subject and
date, with Webb’s hand-written comments, 3 August 1966.

In a letter to Robert R. Gilruth, George E. Mucller acknowledged MSC'’s expedi-
tious completion of the phase C definition phase of the Apollo experiments pallet
effort. However, he noted several fundamental changes since the pallet effort was
started. With experiment {unding severely limited, NASA had now placed
greater emphasis on a few major experiments {such as the Apollo telescope
mount) in contrast to the wide varicty of experiments originally envisioned for
AAP missions. Also, Mucller observed that because of recent reshaping of AAP
objectives toward long-duration missions program planners now believed that, in
general, experiments should be carried in the adapter arca of the launch vehicle
rather than in the vacant bay of the service module (which thus could be used for
expendables to support the longer duration flights). In light of these program
changes, Mueller concluded it was no longer wise to proceed with phase D of the
pallet program—actual hardware development.

Letter, George E. Mucller, NASA Hq, to Robert R. Gilruth, MSC, 2 August 1966.

Based on confirmation during discussion with Mclvin Savage of NASA Hg, MSC
Gemini Program Deputy Manager Kenncth S. Kleinknecht advised of changes in
hardware nomenclature for the Apollo Applications Program:

« The S-IVB spent-stage experiment was now the Orbital Workshop.
s The spent-stage experiment support module was now the airlock module.
« The spent S-IVB was now the Orbital S-1VB.

Memorandum, Kenneth S, Kleinknecht to Dist., “Change in nomenclature from ‘S-
IVB Spent Stage Experiment’ to ‘Orbital Workshop, " 9 August 1966.

MSC Flight Operations Dircctor Christopher C. Kraft, Jr., expressed to George
M. Low, Acting MSC Apollo Applications Program Manager, grave doubts
88

ORIGINAL PAGE IS
OF POOR QUALITY

e

-



Al albl etk SatiiE

PART II;: APOLLO APPLICATIONS PROGRAM

regarding the wisdom and validity of present AAP planning for program inte-
gration. Citing specifically the Saturn/AAP Devclopment Plan of 20 June 1966
and MSFC’s Phase C AAP Integration Contract dated 12 June 1966, Kraft
pointed out the absence of any specific method of providing “integration” of the
complete AAP vehicle and identified several potential problem areas.

Kraft expressed conccrn about the necessity for clear assignment of responsibility
for vehicle integration (i.e., comprehensively covering configuration, payload,
trajectories, data acquisition, operations, and objectives). Existing plans, he said,
made MSC responsible for integration of the command and service modules;
MSFC the S-IVB, insirument urit, and lunar module; and, by implicat’ n,
Headquarters the job of total payload integration. Kraft called illogical any
scheme of having two independent and parallel efforts for the spacecraft payload
integration. Also, it was inconceivable that Headquarters could take on such a
detailed and complex role. In short, Kraft made out a case for MSC ensuring to
itself its traditional responsibilities in the areas of spacecraft design and integration
in the face of assignment of some measure of overall payload responsibility to
MSFC. Above all, he called for clearly defined roles and responsibilities.

Memorandum, Christopher C. Kraft to Acting Manager, AAP Office, “Payload Inte-
gration and AAP,” 10 August 1966.

At 2 meeting of the Manned Space Flight Management Council at Lake Logan,
North Carolina, Headquarters and Center representatives worked out a general
agreement regarding the respective roles of MSC and MSFC in the development
and operations of future manned space flight hardware. The conceptual basis
for this agreement, a space station, reflected an intermediate step between early
AAP missions and later more complex planetary missions. In fact, much the
same jurisdictional arrangement characterized AAP’s OWS and the ATM. The
underlying rationale and capability for this division of program roles and respon-
sibilities lay in the ideca—one dating from the early planning stages of Apollo—of
modularization. Thus, provided interfaces werc not extremely complex, parts of
a total space vehicle could be farmed out to separate field centers for development.
In line with the traditional roles of MSC and MSFC, Huntsville would oversee
launch vehicles, a “mission module” of the living quarters, and the laboratory
part of a large space station. MSC would be responsible for a “command post”
or flight deck, where all piloting functions were located, as well as logistics
vehicles, rescue craft, other specialized vehicles, and crew training and mission
operations. This, in effect, similarly portrayed the division of responsibilities
between the two Centers for AAP.

The combination of GSM and AM comprised the “command post” of AAP, and
therefore was MSC's responsibility. The OWS similarly belonged to MSFC. Ex-
periments were divided betwceen the two organizations. These working premises
represented perhaps the most fundamenta! statement of intra-NASA jurisdictional
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responsibiiities since MSFC first became a part of the agency and MSC emerged
as a separate field element.

Letter, Robert R. Gilruth, MSC, and Wernher von Braun, MSFC, to George E.
Mueller, NASA Haq, 24 August 1966, with enclosure, “Post Apollo Manned Spacecraft
Center and Marshall Spacc Flight Center Roles and Missions in Manned Space
Flight,” 24 August 1966.

NASA announced selection of McDonnell to manufacture an AM for AAP to
permit astronauts to enter the empty hydrogen tank of a spent S-IVB Saturn
stage. The AM would form an interstage between the spent rocket stage and the
Apollo CSM and would contain environmental and life support systems to make
the structure habitable in space. Though MSFC had project responsibihity for the
complete Orbital Workshop, technical and management responsibility for the AM
rested with the AAP office at MSC. Contract negotiations with McDonnell were
completed in mid-September. Because design of the AM would employ existing
Gemini technology and hardwarc where feasible, MSC Gemini Deputy Manager
Kenneth S. Kleinknecht detailed a number of people from his office to support
the AM project.

NASA News Release 66-223, “Select Contractor for Spent Saturn Airlock Experi-
ment,” 19 August 1966: memorandum, Kenneth S. Kleinknecht to Deputy Director.
“Changes to Contract NAS 9-6555, Airlock,” 23 September 1966.

NASA Deputy Administrator Robert C. Scamans, Jr., notified George E. Mueller
of approval to proceed with development and procurement actions to conduct
one AAP ATM flight on missions 211/212 (as an alternatc to the basic Apollo
mission assigned to those two vehicles). Since only one ATM flight was thus far
approved, Seamans emphasized the importance of focusing all project cffort on
mecting the existing SA 211/212 schedule.

Seamans asked that he be kept fully informed of all major decisions during the
system definition phasc of the ATM project. He cited a number of points of
particular interest: the design concept for the ATM and its rationale; cxperi-
ments planned for the mission (especially on the assumption of a single ATM
flight) ; operational concepts; procurement phasing with the option for a follow-on
ATM if resources permitted; organizational, procurement, and management
approaches for the mission; and schedule options available if SA 211 and 212
became available for an alternate ATM mission.

Memorandum, Robert €. Seamans, Jr., to Associate Administrator for Manned Space
Flight, “Apollo Telescope Mount (ATM),” 29 August 1966, with attachment, “Project
Approval Document, Research and Development [AAP ATM|,” 95 August 1966.

NASA Hq Saturn/ Apollo Applications Program Office defined mission require-
ments and Center responsibilities to successfully carry out & Saturn/Apollo
Applications 209 mission, a 28-day, manncd, Eacth-orbital flight. Candidate
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cxperiments for the mission included 13 enginecring, 7 medical, and 6 technology-
related experiments.

S/AAP Directive No. 3, “Flight Mission Directive for SAA 209 Mission,” 13 Sep-
tember 1966.

Prompted by recent operational difliculties involving extravehicular activity dur-
ing Gemini flights IX-A, X, and XI, Deputy Project Manager Kenneth S.
Kleinknecht recommended to Saturn/Apollo Applications Program officials in
Washington a redesigned forward dome hatch in the S-IVB hydrogen tank; i.e.,
one that could be more readily removed. He urged installing a flexible type of
airlock seal prior to launch of the stage. These changes, Kleinknecht said, would
go far toward minimizing astronaut workload for activating the spent stage once
in orbit.

Memorandum, Kenneth S. Kleinknecht to John H. Disher, NASA Hq, “Recommen-
dation for reduction in Orbital Workshop activation workload,” 21 September 1966.

In light of agreements on Center roles and responsibilities reached during the
Lake Logan Management Council meeting (sce 13-15 August 1966), recent
Gemini flight experience, and review of assigned advanced study activities related
to extravehicular activity (EVA), Advanced Manned Missions Director Edward
Z. Gray revised the division of effort between MSFC and MSC on EVA studies
and responsibilitics. (Gemini had pioved the need for careful assessment of EVA
requirements dictated by mission objectives, the laying down of specific EVA
hardware and procedures, and the verifying of astronaut capability to perform
various EVA tasks.) Gray stipulated that MSC would be responsible for study,
test, and development of EVA equipment and procedures (including astronaut
participation); MSFC had responsibility for development and test of large struc-
tures in space that might require astronaut EVA for ascembly, activation, mainte-
nance, or repair. As a whole, these study efforts at the Centers, said Gray, were
aimed at formulating a thorough analysis of EVA potential and astronaut
capabilitics and at devising a long-range program for developing and using EVA
hardware and procedures to further man’s usefulness in space.

Letter, Edward Z. Gray to Robert R. Gilruth, MSC, 7 October 1966.

Saturn/Apollo Applications Program Deputy Director John H. Disher, in re-
sponss to a letter from MSC AAP Assistant Manager Robert ¥. Thompson
regarding the difficult workload imposed on the crewmen during the SAA-209
mission (i.c., opening the § TvB tank dome cover and installing the airlock boot
might be enough to jeopardize the mission), asked both Thompson and Leland F.
Belew, S/AAP Manager at MSFC, to explore various alternatives to this method
of activating the Workshop. Also, Disher asked that Belew undertake a simulation
effort to evaluate definitively the workload involved in activating the present
Workshop configuration.
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Letter, John H. Disher to Leland F. Belew and Robert F. Thompson, “Reduction in
Orbital Workshop Activation Workload,” 7 October 1966.

MSFC Director Wernher von Braun described to his MSC counterpart Robert R.
Gilruth his ideas for transferring to Houston the bulk of MSFC’s lunar explora-
tion studics and development contracts. (As a result of the 13-15 August Lake
Logan meeting, Deputy Administrator Robert C. Seamans, Jr., had designated
MSC the lead Center for lunar science.) von Braun proposed that planning for
AAP-type lunar traverses and a wide variety of lunar scientific experiments (in-
cluding a scientific package of experiments to be emplaced near landing sites) be
transferred to Houston. On the other hand, he believed that lunar roving and
flying devices, the AAP lunar drill, and the lunar surveying system should be
retained at Huntsville, saying that these projects were of an engineering rather
than a scientific nature and that, with MSFC’s in-house capability for engineering
work of this type, his Center could make substantial-—and cost-effective—contri-
butions to lunar exploration.

Letter, Wernher von Braun to Robert R. Gilruth, 19 October 1966.

Robert F. Thompson, Assistant Apollo Applications Program Manager at MSC,
wrote AAP Deputy Director John H. Disher criticizing reductions by Headquar-
ters in Houston’s AAP Project Opcerating Plan for Fiscal Year 1967 for both ex-
periments and the Orbital Workshop mission ($8.6 million for each). Thompson
claimed that the current requirement for the Workshop mission was $17 million
($14 million for hardware and miission support and $3 million for currently
assigned experiments). He then broke down specific funding requirements for the
airlock module, command and service modules modifications, guidance and
navigation hardware and software, crew systems, and training requirements.
Houston was going ahcad with the Workshop mission as speedily as possible,
Thompson said. However, “prompt and adequate funding . . . is required if
current schedules are to be met.”

Letter, Robert F. Thompson to John H. Disher, “FY 1967 funding requirements for
the Orbital Workshop Mission,” 19 October 1966,

MSC officials conducted a preliminary design review on the AM at the McDon-
nell plant in St. Louis. Participants found two major problem areas that could
severely affect the probability of mission success. The most critical was the design
concept of total reliance on passive thermal control for the S-IVB. The second
was the lack of definition on extravehicular and intravehicular equipment (which
affected AM systems and hardware design). In addition, NASA reviewers made
a number of specific suggestions for improved system design, notably provisions
for revisitation and rchabitation of the AM on saccessive flights.

Memorandum, Donald K. Slayton, MSC, to Airlock Manager, Gemini Program Office,
and Assistant Manager, Apollo Applications Program, “Comments Concerning the
Air Lock Preliminary Design Review,” 25 October 1966.
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Kenneth S. Kleinknecht, Gemini Program Deputy Manager at MSC, requested
from W, A. Ferguson at MSFC that Huntsville furnish MSC two S-IVB trainers
for usc in crew training and crew evaluation of hardware for the airlock program.
MSC wanted a full-scale S~1VB neutral buoyancy trainer for evaluation of
extravehicular operations, crew transfer, and equipment retrieval and stowage.
Kleinknecht also asked for a full-scale, high-fidelity, one-g trainer for similar
application. He requested that these trainers be updated as changes were made
to the design of the S-IVB flight article.

Letter, Kenneth S. Kleinknecht to W. A. Ferguson, “S-IVB Trainers for Manned
Spacecraft Center,” 25 October 1966.

MSFC distributed its rescarch and development plan for the OWS. The develop-
ment plan defincd objectives and basic criteria for the project and established a
plan for its technical management (chicfly through MSFC’s Propulsion and
Vehicle Engincering Division). Officially, the Workshop had won approval fos
the Saturn/Apollo Applications 209 mission, which was a backup for Apollo-
Saturn 209. Primary purpose of SAA-209 was activation of the spent S-IVB
stage into a habitable space structure for extended Earth-orbit missions. In addi-
tion, a numbecr of objectives for the OWS were considered essential to man’s
abilities in space:

« Evaluation of man's capability to inhabit and exploit large space structures

« Development of supporting technology for the AAP and advanced space
vehicles

« Evaluation of man's ability to accomplish complex tasks in :pace

« Evaluation of biomedical and systems aspects of exterded duration
missions

« Deactivation of the Workshop s th it it could be revisited and reactivated
on subsequent missions.

Most importantly, the OWS would advince space science and technology and
thus “sustain the tempo of the national space program, and aid in assuring U.S.
primacy in space.”

MSFC, “Orbital Workshop Research and Development Plan.” 25 Octoher 1966.

Saturn/Apollo Applications officials at Headquarters sounded out Houston offi-
cials on the status of MSC's land-landing development plan. MSC technicians
had “‘reevaluated” their original cloverleaf-retrorocket configuration and now
were pushing for development of a sailwing as the reentry descent system, be-
lieving that the sailwing had greater potential for Apollo-class vehicles (especially
in range and maneuverability). Also, MSC spokesmen proposed that Houston
take over testing of the “parawing” (a limp paraglider) being developed by
Langley. They stated that the rescarch and testing effort required to develop the
sailwing and parawing would delay until 1971 or 1972 NASA's achieving a
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land-landing capability. (Previous work on the cloverleaf-retrorocket concept had
promised such a capability by about mid-1970.)

Memorandum, John H. Disher, NASA Hgq, to Associate Administrator for Manned
Space Flight, “Weekly Status Report for Week Ending October 27, 1966,” 3 Novem-
ber 1966, with attachment, “Saturn/Apollo Applications Program Summary,”

After intensive effort by AAP groups at MSFC and MSC on the ATM and AAP
mission planning for Flights 209 through 212, George E. Mueller told the two
Center Directors that he now had ample information for a “reasonable plan” to
proceed with AAP. First, Mueller stated that the Orbital Workshop mission could
best achieve AAP objectives by launching the complete airlock, Workshop, and
multiple docking adapter unmanned into a onc-year orbit, with activation to be
accomplished by a separately launched crew. The first two AAP missions, said
Mueller, would thus provide a three-man, 28-day flight and, at the same time,
would establish a large clustered space configuration for use during subsequent
missions. Secondly, Mueller posited that the ATM to be developed by MSFC
could readily be integrated into an LM ascent stage and could reasonably be
scheduled for launch during 1968. He cited the possibility that, by eliminating
some equipment from the LM, the complete CSM-LM-ATM vehicle could be
launched by a single booster. However, Mueller stated his belief that the correct
approach should retain those LM subsystems required to operate the vehicle in a
tethered mode, even though normal operation might call for the LM/ATM to be
docked to either the Workshop or the CSM. Further, Mueller expressed real
concern regarding the likelihood of significant weight growths in the ATM sys-
tems. For this reason he favored separate launch of the LM/ATM combination,
Mueller planned to present AAP planning along these lines during discussions
over the next several days with Administrator James E. Webb and the Director

of the Budget regarding NASA’s planning for manned space flight in the post-
Apollo era.

Letters, George E. Mueller, NASA Hgq, to Wernher von Braun, MSFC, and Robert R.
Gilruth, MSC, 2 November 1966,

George E. Muecller, Associate Administrator for Manned Space Flight, recom-
mended to Robert C. Scamans, Jr., the lunar module ascent stage/half-rack
Apollo telescope mount (LM/ATM) as the bascline configuration for develop-
ment of the ATM. Mueller explained that a number of “desirable characteristics”
had becn examined in comparing the LM ATM with its chief rival, a CSM rack/
ATM: (1) achievement of maximum solar data (through case of operation,
ability to repair, maintain, and reuse, and the capability of adding new instru-
ments on subsequent missions); (2) maximum employment of man’s capabilities
for orbital astronomy (including pointing, film retrieval, repair and maintenance,
and inflight analysis of solar data); (3) modes of manned operations (docked with
the Orbital Workshop and separated from the cluster via a tether); (4) minimum

cost consistent with accomplishing mission objectives; and (5) highest assurance
of achieving program schedules.
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Comparison studies had shown that both the rack ATM and the LM/ATM
should use the Langley-developed control moment gyro syste ™ for fine pointing
control and that both configurations required a sizable b1 e o allow crew
access to instruments and controls. The rack/ATN  oreept \ cller told
Seamans, was attractive primarily because of its simplic . -Towever. tie vehicle
could not be operated at a distance from the CSM to min. 1iz> -ont. r.ination or
motion disturbances (items of particular concern to ATM evpe e «rs). On the
other hand, the LM/ATM offered the greatest flexibility for meeting ATM
requirements without any impact on the GsM. It could normally be operated
while docked to cither the CSM et the Workshop or, if experiment reqquirements
so dictated, be cither tethered or in free flight. This latter capability was especially
valuable, Mueller explained, because it afforded a method of evaluating the range
of modes for operating futurc manned orbiting telescopes and would permit early
determination of the most desirable approach. (Mueller had recommended to
Seamans approval of the ATM project some three months earlier [see 2 August
1966] and Seamans had given his okay shortly thereafter [see 29 August 1966).)

Memorandum, George E. Mueller to Deputy Administrator, *\polle Telescope Mount
(ATM)— Spacecraft Configurations and Operating Modes,” 5 November 1966.

In accordance with decisions made by Associate Administrator George E. Mueller
(see 2 November 1966), Saturn/Apollo Applications Deputy Dircctor John H.
Disher notified Robert F. Thompson, Robert C. Hock, and Leland F. Belew,
Apollo Applications Program Managers at MSC, KSC, and MSFC, respectively,

of the approved mission sequence for missions 209 through 212.

e SAA-209: -manned block 1T CSM flight of 28-day duration, with the
CSM fuel cells providing primary electrical power.

e SAA-210: launch of the unmanned airlock Orbital Workshop-multiple
docking adapter combination, with solar cells as the chief source of power.

e SAA-211: manned CSM flight of 56-day duration.

o SAA-212: unmanned lunar module-Apollo telescope mount flight.

Disher said that mission planning directives were being expedited to implement

this mission sequence.

TWX, John H. Disher to MSC, KSC, and MSFC, 8 November 1966.

In a major AAP mission planning session at Houston, Texas, George M. Low
and Eberhard F. M. Rees, Deputy Center Directors at MSC and MSFC, respec-
tively, and Raobert F. Thompson and Leland F. Belew, the respective. AAP
Managers at those Genters, established a joint approach for implementing missions
identificd with the first four AAP flights.  (Although tentative, current plans
called for using Saturn 1B vehicles 209 through 912.) In effect, their planning
caw two separate AAP missions, cach comprising two Saturn IB dual launches:
(1) S/AA 209 210, primarily a manned Workshop operation; (2) S/AA 211-

9

qa -

L



FART 1I: APOLLO APPLICATIONS PROGRAM

212, a flight consisting of solar astronomy and orbital assembly operations and
lasting up to 56 days.

Clearly, during their talks, the manned S6-day mission stood as the more difficult.
The four men agreed to the creation of a small MSC-MSFC team to cstablish a
baseline by which cach Center could focus its effort more cffectively. The tcam,
under MSFC'’s lead, examined the 21 1-212 mission in several specific areas:
mission objectives, ground rules, spacecraft configurations, and hardware systems,
Also, the team drew assistance from the principal AAP contractors,

In summarizing their talks, Belew noted that the mecting produced “a basis on
which to proceed,” with no apparent divisive issues and with affirmations by both
Centers “to proceed in getting the job done together.”

Memorandum for record, Leland F, Belew, “Notes on Mecting at MSC November 16,
1966, Apollo Applications Program,” 17 November 1966.

Maurice J. Raffensperger, Earth Orbital & sion Studies Director in NASA Hgq,
spelled out revised criteria for design of a one-year Workshop in space (criteria to
be incorporated by MSFC and MSC planners into their proposed configurations):

* This “interim spacc station” should be ready for launch in January 1971,
The design had to be a minimum-cost structure capable of a two-year survival in
low Earth orbit. (Raffensperger speculated that a *“dry-launched” S-IVB stage
could be employed without major structural changes.)

* Initial vehicle subsystems were to consist of flight-qualified Apollo and
Manned Orbiting Laboratory hardware capable of one-year operation,

* Operation of the station during the sccond year was to be accomplished
by means of a long-duration “devclopmental systems” module that would be
attached to the original space station structue (and would be developed sep-
arately as part of the long-duration space station program),

* Initial launch of the station would he with a Saturn V (and include CSM).

* This interim space station must be suited for operation in either zero-g or
with artificial gravity (using the “simplest, least expensive” approach).

* Cost of the hardware must not exceed $200 million (excluding launch
vehicle and the long-duration subsystems module).

* Cargo resupply and crew changes were to be carried out using Apollo-
Applications-modificd CSMs (limited to three Saturn IBs per year).

TWX, Maurice J. Raffensperger to MSFC, 16 November 1966,

As requested by Robert C, Seamans, Jr., at the monthly program meeting during
October, Associate Administrator for Manned Space Flight George E. Mueller
summarized the agency’s present plans for including the DOD’s astronaut maneu-
vering unit “back pack” aboard AAP flights. The urit was first flown aboard
the Gemini 1X mission, but EVA problems forced an ~arly termination of the
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experiment. At the end of September 1966, NASA had eliminated the unit from

the Gemini XII mision in order to concentrate efforts on investigating the basic
fundamentals of EVA.

Mueller told Seamans that the wstronaut m~neuvering unit could be incorporated
into AAP flights without compromising primary objectives of the Orbital Work-
shop mission. At the request of the Air Force, Ling-Temco-Vought, Inc., the
unit contractor, was working with both North American and McDonnell to iden-
tify modifications needed to integrate the tack pack into the Apollo CSM and
AM. Although the Air Force had not yet asked that the astronaut maneuvering
unit be assigned to AAP, officials were studying the desirability of committing
the estimated cost of $2.5 million to $3 million to do so. If indeed the military
service made this commitment, Mueller told Seamans, NASA planned to carry
one unit aboard the SAA-210 and the SAA-2i{1 and 212 nissions.

Memorandum, G orge E. Mueller to Deputy Administrator, “DOD Back Pack (AMU)
Experiment for Orbital Workshop Mission,” 18 November 1966.

J. Pemble Field, Jr., Director, Saturn/Apollo Applications Control, notificd pro-
gram officials in Headquarters of Acting Dirzctor David M. Jones’ decision to
designate AAP missions in numerical sequence, starting with AAP-1 (rather than
the former designation of S/AA-209). However, program planning documents
would still include tentative hardware assignments pending firm vehicle ailo-
cations.

Memorandum, J. Pemble Field to Dist.,, “AAP Mission Designation,” 18 November
1966.

A LM/ATM review team led by John M. Eggleston (MSC) met at MSC to
determ:ine the nature and statc of design of the LM/ATM; to evaluate the feasi-
bility of approach in each system arca; and to identify interface areas between
MSC and determine areas n.eding MSC supnort. The review group recom-
mended tasks that MSC stould or must do to assist MSFC; to fulfill MSC
responsibility in ensuring that the LM remained a safe and useful manned space-
craft; and to provide MSC management suflicient data to negotiate with MSFC
on roles and missi-n.

ATM presentation, 21 November 1966.

AAP Deputy Director John H. Disher advised the AAP Manazeis ot MSC and
MSFC (Robert F. Thompson and Leland F. Belew, respectively) of a number
of requirements that were to be included in a program-level interim specification
on the AAP cluster. These requirements included solar cells with rechargeable
batteries, a two-gas environmental control system, the capability for multiple
dockings, windows, and the capability for long-term storage and reuse of the
basic hardware cluster. Disher emphasized that the AAP OWS assembly must
be produced at a minimum cost and that no element of the system should incur
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additional costs to provide capabilities beyond those of the basic program require- 1966
ments. Also, he pointed out, he did not demand that the OWS system be guar-
anteed to last a year in space without some maintenance by successive crews.
The 28- and 56-day flights weie goals rather than guaranteed requirements.

November

Letter, John H. Disher i Leland F. Be":w and Robert F. Thompson, “Orbital Work-
shop Configuration for 1968--1969 Anr Missions,” 28 November 1966.

NASA announced selection of Bendix Corpuration’s Eclipse Pioneer Division to 28
negotiate a contract for development and production of a pointing control system

for the ATM. The work, covering three flight units at an estimated cost of $6.9

million, was directed by MSFC. The pointing system, one of several flight sys-

tems to be developed for the ATM program, was based on design of a control

moment gyro that Bendix was already developing for Langley.

NASA News Release 66-309, “Aiming System Contract Let for Scope Mount,” 28
November 1966,

NASA Hgq announced the appointment of Charles W. Mathews, Gemini Pro- 30
gram Manager at MSG, to the post of Director of Saturn/Apollo Applications,

(Mathews replaced David M. Jones, who had been Acting Director in addition

to his regular job as Deputy Associate Administrator for Manned Space Flight

[Programs].) Mathews assumed direction of the agency’s effort to use Apollo

vehicles to extend scientific and technical exploration of space.

NASA News Release 66-310, “Mathews Named to Headquarters Post-Apollo Job,”
30 November 1966,

John H. Disher released the report by a study group at Headquarters on various December
modified lunar modules suitable for a lunar exploration program as part of AAP.
These modified craft took the form of a LM taxi ferry and logistics craft, a LM
shelter, and an “augmented” LM. Disher authorized MSC to extend its engineer-
ing studies contract with Grumman to further define such modified LM con-
figurations, He also asked MSFC to try to increase the Saturn V’s translunar ‘
injection capability to 46 720 kg. These actions, he explained, afforded an op-
portunity tc pursue any of several alternatives once future landing levels were :
known.

Memorandum, John H, Disher, NASA Hg, to Dist., “SAA Lunar Surface Exploration
Program,” 1 December 1966.

e g A

NASA Hyq issued a schedule which introduced the cluster concept into the AAP 5
design. The cluster concept consisted of a Workshop launch following a manned

CSM launch. Six months later, a LM/ATM launch would follow a second
manned flight. The LM/ATM would rendezvous and dock to the cluster. The i
first Workshop launch was scheduled for June 1968. As opposed to the habit-
able OWS and cluster concept which projected a much more complex program, 3
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the S-IVB SSESM had bcen a comparatively simple mission requiring no ren-
dezvous and docking and w0 habitation equipment,

A major similarity between the old S-IVB/SSESM concept and the cluster con-
cept was use of the S-IVB stage to put the payload into orbit before passivation
and pressurization of the stage’s hydrogen tanks. The new cluster concept em-
bodied the major step of making the Saturn-IVB habitable in orbit, incorporating
a two-gas atmosphere (oxygen and nitrogen) and a “shirt-sleeve” environment.

The OWS would contain crew quariers in the S-IVB hydrogen tank (two floors
and walls installed on the ground), which would be modified by Douglas Aircraft
Company under MSFC management; an airlock module (previously called the
SSESM) attached to the OWS, which would be built by McDonnell Aircraft
Corporation under MSC management; and a multiple docking adapter (MDA),
which would contain five docking ports permitting up to five modules to be
docked to the Workshop at any one time. The MDA would also house most
OWS astronaut habitability equipment and many experiments,

The schedule called for 22 Saturn IB and 15 Saturn V launches. Two of the
Saturn IBs would be launched a day apart—onc manned, the other unmanned.
Flights utilizing two Saturn V Workshops and four LM~ATM missions were also
scheduled.

NASA Hq Schedule, 5 December 1966.

John H. Disher distributed to clements of his Headquarters organization and to
the Apollo Applications Managers at the ficld centers a list of action items and

“required completion dates that resulted from a major AAP management and
planning review mecting at KSC on 9-10 November 1966. Disher listed 27 spe-
cific priority items, eacompassing cost and schedule impacts of configuration
changes, reusable Workshop designs, solar panels versus fuel cells, two-gas atmos-
pheric selection, emecrgency procedures, extravehicular activity requirements,
experiment definition, Apollo-vehicle design modifications required for AAP, a
definite plan for follow-on hardware procurement, testing requircments, reliability
and quality assurance, and organizational ard manpower reqiirements. These
sundry actions, he said, constituted a roll call of the fundamental items that had
to be accomplished to establish a viable and ongoing AAP.

Memorandun, John H. Disher to Dist,, “Action Items from Apollo Applications Meet-
ing at KSC, November 9-10, 1966," 5 December 1966, with attachiment, “Apollo
Applications Program Meeting, November 9-10, 1966, KSC: Action Items.”

NASA Hq approved MSC's contract with McDonnell for the airlock portion of
the OWS experiment. The contract provided for delivery of one flight unit, with
options for three additional modules if the agency so desired.

TWX, Kenneth S. Klieinknecht, MSC to John H. Disher, NASA Hq, 16 December
1966,
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MSFC awarded a contract to Bendix Corporation to design and develop control
moment gyros to stabilize the attitude of the ATM in orbit.

NASA Contract NAS 8-20661, 16 December 1966.

During presentations on manned space station studies to Deputy Administrator
Robert C. Seamans, Jr., and Associate Deputy Administrator Willis H. Shapley,
discussions turned to the contributory role of the AAP to any NASA future space
station. Much had to be learned from AAP before agency officials and program
Planners could lay down any firm program objectives for such a station (including
in the arez of astronomy, which Associate Administrator for Manned Space Flight
George E. Mueller had said was a major justification for AAP). Seamans affirmed
that the agency would probably ultimately need such a large Earth-oriented capa-
bility, but that AAP would provide sufficient information on which to base future
policy decisions. Much would depend upon man’s capabilities for long-duration
missions (another element that AAP was to prove out). Despite some criticism
from scientific elements both within the agency and in the country at large, Sea-
mans contended a great deal of interest existed in manned astronoraical work and
that future space astronomy missions had a real need for man in space, especially
to perform inflight maintenance.

Memorandum for record, T. E, Jenkins, NASA Hgq, “Action Items and Significant
Discussion, Manned Space Station Study Presentation to Dr. Seamans and Mr. Shapley
on December 19, 1966,” 22 December 1966.

SOLAR ARRAY
(4 FIXED WINGS)-.

SOLAR ARRAY
4 FIXED wINGS)

MAPPING AND
SURVEY SYSTEM
(M&SS

MAPPING AND
SURVEY SYSTEM

ADVANCED
AIRLOCK

LW/APOLLD
TELESCOPE
MOUNT
AM/ATM)

Two proposed advanced airlock mission configuration design sketches prepared by
Wade W. Wilkerson of McDonnell Aircraft Corporation on 22 December 1966.

George E. Mueller wrote MSC Director Robert R. Gilruth and MSFC Director
Wernher von Braun advising them of a joint MSC-Hq medical position regard-
ing selection of a gaseous atmosphere for the Apollo Applications S-IVB Work-
shop. This medical position, based upon retention of the existing 100-percent
oxygen environment in the command module, called for a “shirt-sleeve” atmos-
phere in the Workshop of 69-percent oxygen and 31-percent nitrogen at 35 kilo-
newtons per sq m (5 psia). (One-hundred-perzent oxygen was still required for
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spacesuited emergency operation and during extravehicular activities.) Mueller
solicited from the Center Directors comments on the enginecring design and
operational techniques of the W orkshop Mission.

Letter, George E. Mueller, NASA Hg, to Robert R. Gilruth and Wernher von Braun,
22 December 1966.

MSC announced a reorganization of the Apollo Applications Program Office at
Houston. Key assignments werc R. F. Thompson, Assistant Manager; K. F.
Hecht, Orbital Workshop Project Office Manager; H. E. Gartrell, Future Mis-
sions Project Office Manager; W. D. Wothart, Program Control Office Deputy
Manager; H. W. Dotts, Systems Engineering Office Manager; W. H. Douglas,
Test Operations Office Manager; and W. B. Evans, Mission Operations Office
Manager.

MSC Announcement 66-184, “QOrganization and Personnel Assignments of the Apollo
Appiications Program Office,” 22 December 1966.

In a memcrandum to the Associate Administrator for Manned Space Flight,
George E. Mueller, Saturn/Apollo Applications Deputy Director John H. Disher
posed a number of AAP issues needing resolution:

(1) Should AAP be portrayed as an “open-cnded” program or should the
agency identify a certain goal or activity as marking its completion?

(2) Should AAP include space rescue activities?

(3) The Office of Manned Space Flight (i.e., Maueller) must agree upon the
feasibility of including in AAP’s objectives retricval of pancls from one of the
Pegasus-series of meteoroid detection satetlites (an experiment given high priority
by the Office of Advanced Research and Technology)-

(4) Regarding the Mission Planning Task Force’s cffort to define the AAP
Earth-orbital missions for 1969, a fundamental conflict in objectives cxisted be-
tween reuse of modules from previous missions (ina 28 4-degree-inclination orbit)
versus the goal of conducting “AAP-A” metcorology experiments at their re-
quired higher orbital inclination (at least 50 degrees). The priorities of orbital
inclination versus reuse of modules must be determined, Disher told Mueller.

(5) In light of evident program funding constraints, what should really be
done about the lunar exploration part of AAP (shelter-taxi vs. augmented lunar
module, etc.)?

A few days later, Disher posed some additional questions for Mueller to consider:

(1) Should Headquarters urge the Centers to make stronger cfforts in the
area of competitive procurement of follow-on hardware?

(2) What should the long-term policy be regarding the systems engineering
role of Bellcomm, Inc., in AAP and advanced missions?

Memorandum, John H, Disher to George E, Mueller, “AAP Problems,” 23 December
1966; note, John H. Disher to George E. Mueller, “Additional AAP Questions for
Dr. Mueller's Consideration,” 28 December 1966.
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NASA Hq officially promulgated mission objectives of the AAP-1 and AAP-2
flights. They were to conduct a low-altitude, low-inclination Earth-orbital mission
with a three-man crew for a maximum of 28 days using a spent S-IVB stage as
an OWS; to provide for reactivation and reuse of the OWS for subsequent mis-
sions within one year from initial launch; and to perform test operations with the
lunar mapping and survey v;stem in Earth orbit.

NASA Hgq, SAA Directive No. 3A, 30 December 1966.

John H. Disher, Deputy Director of Saturn Apollo Applications, established spe-
cific design criteria for the OWS mission. These criteria required MSFC to pro-
ceed with the design of the MDA and the integration of experiments into it for
launch stowage. It also required MSFC to perform systems engineering analyses
on the OWS ensuring its compatibility with the baseline configuration of the
MDA. MSC was required to take action necessary for integration of government-
furnished solar cells into the MDA and to examine the rechargeable battery
capacity required for independent operation from the CSM.

Letter, John H. Disher to R. F. Thompson, MSC, and L. F. Belew, MSFC, “Orbital
Workshop Configuration for 1968 1969 AAP Missions,” 4 January 1967,

A Science and Applications Dircctorate was established at MSC to plan and
implement MSC programs in space science and applications, act as the MSC
focal point in these programs, and provide the Center’s point of contact with the
scientific community. Establishment of the Science and Application Directorate
reflected the growing significance and responsibilities of MSC in these areas. The
position of Director for the new organization was not filled at this time. Wilmot
N. Hess was later named Dircctor; Robert O. Piland, Deputy Director.

MSC Announcement 67-7, 10 January 1967; MSC Announcement 67-27, 17 February
1967.

MSC requested assistance from LaRC through use of the Langley full-scale ren-
dezvous docking simulator to provide data for AAP docking requirements. It was
anticipated that the docking of the lunar mapping and survey system to the OWS
would partially obstruct the pilots’ view, and that the CSM payload configuration
would have sluggish handling qualities in both translation and rotation. A study
using the Langley full-scale rendezvous docking simulator would provide useful
data for the AAP docking requirements.

Letter, George M. Low, MSC, for Robert R. Gilruth, MSC, to F. L, Thompson,
LaRC, “Simulation of Apollo Applications Program docking,” 16 January 1967.

Ata NASA Hq briefing, Associate Administrator for Manned Space Flight George
E. Mueller stated that NASA planned to form an “embryonic space station” in
1968 -69 by clustering four AAP payloads launched at different times. The first
mission would be the launch of a manned spacecraft followed several days later
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by a spent S-IVB stage converted into an OWS. After the two spacecraft had
docked, the crew would enter the Workshop through an airlock. Twenty-eight
days later they would passivate the OWS and return to Earth in their spacecraft.
In three to six months, a second manned spacecraft would be launched on a 56-
day mission to deliver a resupply module to the OWS and to rendezvous with an
unmanned ATM, the fourth and last launch of the series. The cluster would be
joined together using the multiple docking adapter. Emphasizing the importance
of manning the ATM, Mueller said that “if there is one thing the scientific com-
munity is agreed on it is that when you want to have a major telescope instrument
in space it needs to be manned.”

NASA Apollo Applications Briefing, 26 January 1967.

Apollo Spacecraft Program Manager Joseph F. Shea sent a flash report to NASA
Hq: “During a simulated countdown for mission AS-204 on January 27, 1967,
an accident occurred in CM 012. This was a manned test with the prime astro-
naut crew onboard. A fire occurred inside the command module resulting in the
death of the three astronauts [Virgil I. Grissom, Roger B. Chaffee, and Edward
H. White, II] and as yet undetermined damage to the command and service
modules.” (See also 24 May 1967 entry.)

TWX, Joseph F. Shea to NASA Hgq, Attn: Apollo Program Director, 28 January
1967.

Despite the fact that crew assignments for the ATM flight had not yet been made,
Saturn/Apollo Applications Program Director Charles W. Mathews recom-
mended to MSC AAP Manager Robert F. Thompson that scicntist astronauts
who had been participating in the ATM program at Huntsville be given an op-
pottunity to visit a number of leading astronomical observatories in the country.
In this manner, Mathews said, potential crew members could derive a better
understanding of the equipment being employed, operation techniques being used,
and the nature and types of observations being made.

Letter, Charles W. Mathews to Robert F. Thompson, “Apollo Telescope Mount (ATM)
Scientist/Astronauts’ Familiarization with Ground-Based Observatories,” 1 February
1967.

The AAP experiments program was divided into two primary phases of activity—
definition and development. During the definition phase, onc of the major prob-
lems was the selection and definition of high-quality experiments from which a
well-rounded experiments program could be identified in time to effectively sup-
port the planning of future missions and flight programs, Once the experiments
were defined and approved for flight, the experiment passed into the development
phase with somewhat different problems. During this sccond phase, such facets
as program direction, resource requirements, program status, and problems en-
countered in experiment implementation were of primary concern.
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NASA awarded Allis-Chalmers I\Ianufacturing Company , contract to continye
AAP fuel ce]] work. Under the W agreement, the contractor was tq improve

A Mmeeting at NASA Hq ieviewed the status of Mission Configurations for the
AAP-] /AAP-2, AAP-3, and AAP-4, Agreement wag reached on , baseline
description for the first four flights.

Letter, Charles W, Mathews, NASA Hg, to Robert F, Thompson, MSC, 9 March 1967,

Apollo-dcveloped Components, subsystems, and operating procedures with no
modificationg wherever possible. By rigorous application of thjg Principle, the cost
of doing business in manned SPace exploration woylq be reduced, thys helping to
ensure a continuing program leading to the Next generation of Mmanned space

resigned. Before joining NASA, Trimble had served a5 Vice Prcsident-Advanced
Programs, The Martin Company, Baltimore, since 1960.

To facilitate Program managemen; operations involving inter-Center activities,
Saturn/AAP Director Charles W, Mathews created an AAP Inter-Center Inter-
face Pane] structure. Panejs included mechanical, electrical, instrumentation and
Communications, anqg Mission evaluation, Twy weeks later, Mathews added three
more panels to the Structure: missjon requirements, systems Integration, and Sys-
tems safety,

Letters, Charles w, Mathews, NASA Hgq, to MSC, Attn: AAP Program Manager,
“Establishinent of AAP Inter-Center Interface Panel Structure,” g March 1967, and
24 March 1967: Apollo Applicationg Program Directive No, 7, “Establishmen of
AAP Inter-Center Interface Panel Orgam'zation," 21 September 1967,
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The Naval Research Laboratory awarded a subcontract to Ball Brothers Research
Corporation for the production of the Apollo telescope mount NRL experiments.
Prior subcontracts had been let with Ball for production of the High Altitude
Observatory experiment on 11 January 1965, and for the Harvard College Ob-
servatory experiment on 97 December 1966. Development responsibility was
transferred from Goddard Space Flight Center to MSFC.

NRL Contract N00014-67-C-0470, 1 June 1967.

Donald K. Slayton, MSG Director of Flight Crew Operations, expressed concern
over the excessive number of experiments assigned to the first AAP mission. Ex-
perimenters had requested 672 man-hours for inflight accomplishment of experi-
ments, where only 429 man-hours were available, creating a deficit of 243 inflight
man-hours. The same problem was applicable to premission experiment training.
Experimenters were requesting 485 hours per man for premission experiment
training, where only 200 hours per man were available, creating a deficit of 285
hours per man.

Memorandum, Donald K. Slayton to Assistant Manager AAP, “Apollo Applications
Mission ‘A’ experiments,” 17 March 1967.

MSFC awarded Bendix Corporation a contract for development and production
of the ATM pointing control system. The control system would enable astronauts
to point a telescope at selected regions of the Sun during periods of maximum
solar flare activity. MSFGC had earlier awarded American Optical Company a
contract to build a dynamic simulator for use in developing the pointing control
system.

NASA News Release 67-66, “Bendix Awarded ATM Point-Control System Contract,”
20 March 1967.

In response to AAP Assistant Manager Robert F. Thompson’s request for tech-
nical support for AAP from existing Apollo contractors, Robert G. Chilton of the
Guidance and Control Division recommended that the Massachusetts Institute of
Technology Instrument Laboratory (MIT/IL), designer of the Apollo guidance
and navigation system, be given the task of determining the suitability of the
Apollo guidance and navigation system to perform the AAP missions. Since this
task was of “prime importance at this stage of AAP planning,” Chilton recom-
mended that it have “‘immediate priority.”

Memorandum, Robert G. Chilton, MSC, to Assistant Manager, AAP Office, “Apollo
Applicatioas Program (AAP) design analysis rask for MIT/IL,” 24 March 1967.

In accordance with design discussions and decisions reached during discussions
several days earlier, AAP Director Charles W. Mathews directed Center AAP
Managers to implement a modified OWS clectrical power system. Because of in-
creased electrical power requirements resulting from making the OWS a habit-

106

R e et I 2oy L A e Lt




PART II: APOLLO APPLICATIONS PROGRAM

able laboratory, solar cell arrays were added to each side of the S-IVB stage to
provide most of the electrical power used during AAP cluster operation. (Before
this design shift, the CSM’s fuel cells had been considered the primary source of
power.) In addition, the ATM would still have its own solar array panels and
power system.

Letter, Charles W. Mathews to R. F. Thompson, MSC, L. F, Belew, MSFC, and
R. C. Hock, KSC, “Electrical Power Supply for S-IVB Workshop,” 24 March 1967,

NASA stated that the purposes of Apollo Applications missions 3 and 4 were to

* Increase man’s knowledge of the characteristics of the Sun by conducting
solar astronomy observations in space during a time of maximum solar activity.

* Conduct an operational evaluation of the performance characteristics of a
manned solar astronomy system to provide engineering and scientific data essential
to the development of advanced orbital solar and stellar observation systems,

* Demonstrate feasibility of

(1) Reactivating an OWS that has been left unattended in Earth orbit
for several months.

(2) Reusing the OWS as a base of operations for the conduct of experi-
ments in solar astronomy, science, applications, technology, engineering, and
medicine,

* Qualify man, evaluate his support requirements, and determine human
task performance capabilities on long-duration manned space flight missions,

AAP Directive No. 5, 27 March 1967,

Technicians from MSC’s Landing and Recovery Division conducted demonstra-
tions of land-landing at Ft. Hood, Texas, on 6, 11, and 12 April. The demon-
strations were part of MSC’s effort to develop ar advanced system to provide a
land-landing capability for the Apollo Applications Program, an improved launch
abort situation, and reduced horizontal velocities for water landings.

Memorandum, C, C. Kraft, Jr., MSC, to Dist., “Advanced Landing System Opera-
tional Demonstration,” 3 April 1967,

Donald K. Slayton, MSC Director of F light Crew Operations, requested that the
proposed T-020 “Jet Shoes” experiment be removed from all AAP flights. The
“Jet Shoes” experiment was an astronaut maneuvering system consisting of two
small thrusters mounted one beneath each foot and oriented so that the thrust
vectors passed close to the center of body mass with legs and feet in a comfortable

position.

During January, an engineering development model of the “Jet Shoes” was tested
by several astronauts on the MSC air bearing facility in cooperation with the
Principal Investigator. Although the tests by the astronauts were shirt-sleeve runs,
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an LaRC test pilot made several runs in an inflated pressure suit. The results
were unsatisfactory. In his objections to the experiment, Slayton suggested that
its attempted use by an astronaut wearing a life support unit would provide ex-
tremely poor visibility.

Memorandum, Donald K. Slayton to Assistant Manager, MSC AAP, “Request for
removing the T-020 ‘Jet Shoes’ Experiment from all AAP flights,” 6 April 1967.

An AAP schedules meeting attended by the Center AAP Managers and the Head-
quarters’ Directors was held on 31 March 1967 at NASA Hg. Consensus was
that the airlock-multiple docking adapter tasks were well detailed and that the
projected schedule for AAP-2 (Orbital Workshop operations) was realistic.

Memorandum, C. W. Mathews, NASA Hg, to M/Associate Administrator for Manned
Space Flight, “Schedule Assessment of AAP 1-4," 11 April 1967.

An informal presentation was made to NASA-KSC by Grumman Aircraft Engi-
neering Corporation proposing Grumman as the integrating contractor for the
hardware and facility modification phase at Launch Complex 37 (LC-37) for all
phases of AAP activities on LC-37. The presentation defined the work and
schedules confronting NASA at LC-37 for the AAP.

Memorandum, L. P. Lopresti and E. T. Barron, Grumman, to G. M. Skurla, KSC,
“proposal to make GAEC the integrating contractor or. LC-37 for post LM-1 launck,”
13 April 1967.

A meeting was held at MSFC to review the S-IVB stage for acceptability as a
habitable vehicle. Personnel from MSC and MSFC attended. A presentation on
the flammability testing of the liquid hydrogen tank insulation with an aluminum
foil flame retardative liner was made by MSFC personnel. During the course of
the meeting, various actions were established relating to habitability requirements
of the S-IVB.

Minutes of MSC/MSFC Saturn S-1VB Habitability Review, 18-19 April 1967.

NASA awarded contracts to General Electric and Lockheed to conduct four-
month parallel studies of a medical laboratory to support AAP missions. Desig-
nated the integrated medical and behavioral laboratory measurement system, the
laboratory would permit detailed evaluation of body systems and crew functions
during flight. It could be flown as a complete laboratory or as selected groups of
measurement instruments on specific missions.

NASA News Release 67-102, “Apollo Application Studies Set,” 27 April 1967.

The McDonnell Company and Douglas Aircraft Company merged to form
McDonnell Douglas Corporation.
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Telecon, R. Newkirk, HSCC, with F. Morgan, McDonnell Douglas, 15 October 1974.

Both MSFC and MSC recognized the existence of a potential interference of con-
taminant materials in the vicinity of manned spacecraft with the optical equip-
ment on the ATM. It was also recognized that certain building materials that
might create contaminate problems needed to be avoided in the ATM structure.
A considerable activity concerning this contamination problem had already de-
veloped at MSFC, MSC, NASA OSSA, some contractor plants, and the ATM
Principal Investigators.

Letters, Wernher von Braun, MSFC, to Robert R. Gilruth, MSC, 8 March 1967;
Robert R. Gilrath to Wernher von Braun, 1 May 1967.

A preliminary design review was conducted at MSFC during 2-10 May 1967 to
evaluate the basic design approach of the MSFC/MSC/McDonnell Douglas
team relative to the spent-stage aspects of the Orbital Workshop project. Purpose
of the review was to define a baseline design on as many subsystems as possible
and to define steps leading to a bascline on the remaining subsystems.

Letter, Chairman, Orbital Workshop Prcliminary Design Review to Dist., “Minutes of
Orbital Workshop (OWS) Preliminary Design Review (PDR) During May 2-10, 1967,
at MSFC,” 24 May 1967.

Confidence in any selected course of action in committing man to the space ve-
hicle environment had grown slowly, based on actual experience. In this respect
NASA had followed the philosophy of incremental exposure, generally doubling
the duration of successive manned missions as long as no unforeseen medical prob-
lems were encountered in crews returning from space flight. This enabled NASA
to acquire biomedical information from which to begin formulation of general
statements about the effects of the space flight environment on human physiology.

Memoranda, J. Bollerud, NASA Hgq, to C. W. Mathews, NASA Hgq, “Preliminary
Ideas Regarding Rotation of Crews in AAP Missions,” 10 January 1967; C. W.
Mathews to J. Bollerud, “Crew Rotation in AAP Missions,” 2 March 1967; A. D.
Catterson, MSC, to Julian West, MSC, “Crew Rotation for Long Duration Manned
Space Fligh:,” 4 May 1967,

Some significam features cf a revised Apollo and AAP-integrated program plan
were: CSM would be available to support the first four AAP launches; AAP-1/
AAP-2 in early 1969 were to accomplish OWS objectives; AAP-3/AAP-4 in
mid-1969 were to accomplish the 56-day ATM objectives in conjunction with
reuse of the OWS. Two additional AAP flights were planned for 1969 to revisit
the OWS and the ATM using refurbished command modules flown initially on
Earth-orbit Apollo flights in 1968. AAP missions planned for low Earth orbit
during 1970 would utilize two dual launches (one manned CSM and one un-
manned experiment module per dual launch) and two single-launch, long-duration
CSM to establish and maintain near-continuous operation of the OWS cluster
and a second ATM.
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Memorandum, George E. Mueller, NASA Hg, to Deputy Administrator, “Revised
Apollo and AAP Integrated Program Plan,” 5 May 1967.

Grumman Aircraft Engineering Corporation presented to the MSC AAP Office a
preliminary statement of work and cost proposal for developing the LM as an
ATM for the AAP-4 mission. The AAP staff then began reviewing the proposal
which described the work necessary to develop the final LM~ATM spacecraft
configuration.

MSC, “AAPO Weekly Activity Report,” 10 May 1967.

Required changes in the Apollo Applications Program flight schedules resulted
in plans for the Earth-orbital test of the lunar mapping and scientific survey
(LM&SS) as part of a single launch mission unrelated to the Orbital Workshop.
The mission would have the primary objective of conducting manned experi-
ments in space sciences and advanced technology and engineering, including
the Earth-orbital simulation of LM&SS lunar operations. The LM&SS would
be jettisoned after completing its Earth-orbital test. Planned launch date for the
mission was 15 September 1968.

Letter, C. W. Mathews, NASA Hq, to R. F, Thompson, MSC, “Earth Orbital Test of
LM&SS,” 8 May 1967.

The AAP Office (NASA Hq) was preparing a draft task definition for a pro-
posed command module modification contract. It would include primary and
alternate locations for work; proposed interface of the modification contractor
with North American; timing of the work effort; and definition of the work
to be performed. Purpose of the proposed contract was to modify and refurbish
Apollo hardware for AAP.

Memorandum for rccord, J. R. Biggs, NASA Hgq, “Apollo Procurement, Program, and
Organization Action Items,” 11 May 1967,

Release of a staff paper by J. Bollerud and C. Berry recommending a 35-kilo-
hewtons-per-sq-m 69-percent-oxygen, 31-percent-nitrogen, shirt-sleeve atmosphere
in the OWS initiated a discussion as to its impact on engineering design and
operational plans, as well as the physiol.gical response of test subjects to a one-
gas (pure oxygen) system over extended periods of time. The consensus was
that the 35-kilonewton (5 psia) oxygen-nitrogen for the OWS would best serve
the needs of the OWS Earth-orbiting program.,

Letters, George E. Mucller, NASA Hq, to Wernher von Braun, MSFC, 22 December
1966; Robert R. Gilruth, MSC, to George E. Mueller, 12 May 1967; memoranda,
D. R. Hagner, Bellcomm, to John H. Disher, NASA Hq, “Comments on Draft Itr.
from W. von Braun to G. E. Mueller re two-gas atmosphere in the S-1VB Workshop,”
24 January 1967; E. Z. Gray, NASA Hg, to Deputy Associate Administrator (Pro-
grams), “Two-Gas Systems,” 2 February 1967; J. Bollerud, NASA Hgq, and C. Berry,
MSC, staff paper, “Two-Gas Atmospheres for Prolonged Manned Space Missions in
the S-1VB Workshop,” December 1966,
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Guidelines and a set of minimum requirements to be met by each Center in
establishing their configuration management systems for AAP were prescribed
by NASA Hq. Configuration management systems would be progressively ap-
plied as individual projects matured. Once documentation such as a program
or project baseline description had been officially issued, or documentation
approved at formal design reviews such as a preliminary design review or critical
design review, changes to such documentation would require formal approval
through configuration management procedures, thereby establishing full con-
figuration control at the critical design review.

Letters, C. W. Mathews, NASA Hgq, to R. F. Thompson, MSC, L. F. Belew, MSFC,
and R. C. Hock, KSC, “Documentation of Configuration of Hardware at Time of
Turnover to AAP from Apollo,” 13 March 1967; C. W. Mathews to R. F. Thomp-
son, L. F. Belew, and R. C. Hock, “Configuration Management,” 15 May 1967.

Flight training hardware, identical in configuration to the flight hardware
except that it need not be flight qualified, was required for training purposes.
The training hardware consisted of those components of experiment hardware
that required manipulation, handling, observation, or other usage by astronauts
during flight. Neutral buoyancy training hardware was also required for under-
water zero-g simulation training.

Letter, R. F. Thompson, MSC, to L. F. Belew, MSFC, et al.,, “Experiment training
hardware requirements,” 23 May 1967.

The ATM would offer a unique combination of several important advantages
over previous manned orbital astronomical experiments, ground-based observa-
turies, and unmanned orbital observatories. It would be the first U.S. manned
mission with a primary goal of recovering scientific data. The ability to observe
the Sun in previously inaccessible but important regions of the electromagnetic
spectrum, to observe the details on the solar disk and in the corona for nearly
two solar rotations, and to react rapidly to unpredictable and unexpected occur-

An early version of the Apollo
telescope mount.
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rences with instruments of high data acquisition capabilities would be an un-
precedented combination of opportunities available only to the crewman operat-
ing the ATM. However, it was essential to recognize that the crewman’s ability
to observe, exercise judgment, and efficiently conduct the routine experiment
tasks, as well as to rapidly respond to unpredictable phenomena would be con-
tingent upon the existence of displays in the proper wavelength regi-ns with
sufficient resolution to observe the important features on the solar disk. Also
necessary would be controls which would combine simplicity and versatility to
facilitate equipment setup for data acquisition.

Letter, D. K. Slayton, MSC, to R. F. Thompson, MSC, “Flight Crew Operations
Directorate Requirements and Philosophy on ATM Displays and Controls,” 24 May
1967.

Because of the Apollo 204 accident in January and the resulting program delays,
NASA realigned its Apollo and AAP launch schedules. The new AAP schedule
callzd for 25 Saturn IB and 14 Saturn V launches. Major hardware for these
'sunches would he two Workshops flown on Saturn IB vehicles, two Saturn V
Workshops, and threc ATMs. Under this new schedule, the first Workshop
launch would come in January 1969.

NASA Hq Schedule, 24 May 1967.

NASA announced that LaRC had selected Northrop Ventura Company to
negotiate a contract to conduct a research program (includirg flight tests) of
a flexible parawing for potential use in manned spacecraft landing systems.
Northrop Ventura would evaluate the suitability of using a parawing (instead
of conventional parachutes) to allow controlled descent in a shallow glide and
thus offer wide flexibility in choosing a touchdown point, as well as provide a
soft landing impact. The parawing would be evaluated for possible use on the
Apollo Applications Program during the eazly 1970s to achieve a true land-
landing mission capability.

NASA News Release 67- 134, “NASA Contracts for Parawing Test Program,” 29 May
1957.

A status review of the studies being conducted by North American Aviation on
the AAP command and service modules’ clectrical power system was held at
MSC. It was agreed that North American Aviation should pursue a two-
regulator power control and regulation configuration and redundant. battery
changer configuration. The baseline fuel cell for AAP-1 would w.e 31-cell,
ceria-coated, cobalt-activated fuel cells.

MSC, “AAPO Weekly Activity Report,” 31 My 1967,

The Apollo Applications missions were designed to build upon the base of flight
experience, ground facilities, ard trained manpower developed in past programs.
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Each mission was designed to take full advantage of the Apollo Saturn system
to make significant centributions to a wide range of objectives. Missions were
planned to gain experience, test theory, perform experiments, and collect data.

OMSF-NASA, Apollo Applications Program Technical Summary, ! June 1967,

During an informal discussion held in the Office of the Deputy Administrator,
the AAP Office recommended that steps be taken to select a modification and
refurbishment contractor to engage in a study of modification and refurbishment
task requirements, The study would enable NASA to determine the feasibility
of following a modification and refurbishment route for AAP.

Memorandum for record, R. C. Seamans, Jr. NASA Hq, “June 1, 1967, meeting to
discuss AAP payloads,” 1 June 1967.

An Apollo Apolications Program test review group, consisting of personnel from
MSC, MSFC, and McDonnell, met in St Louis on 5 June. The purpose of
the meeting was a further definition of the ground rules governing the proposed
integrated structural testing of the MDA/AM and to review the test requ -
ments for compatibility. A second meeting of the group was held 13 Jur ¢
review MSC, MSF C, and McDonnell facilities schedules to select a test site.

MSC, “AAPO Weekly Activity Report,” 14 June 1967.

Kurt H. Debus, KSC Director, expressed concern that a proposal, if adopted,
for a separate command and service modules launch contractor for AAP would
create a very difficult operational environment, Debus said it was difficult to
see how KSC could have two Scparate contractor teams responsible for checking
out substantially the same kind of stage hardware on the same test equipment,
when the schedule would require simultaneous operations or at least intermittent
sequential activity by both contractors in the same facilities, KSC was already
coping with the challenge of integrating, within common facilities, the work
of six Apollo contractors Preparing separate stages with separately assigned
checkout equipment. A most serious problem would be the interference with
ongoing mainline Apollo operations created by the activity of a new contractor
attempting to familiarize himself with facilities, equipment, and procedures in
the same timeframe as the most critical Apollo missions,

Letter, Kurt H. Debus v George E, Mueller, NASA Hq, 6 June 1967.
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At an American Institute of Aeronautics and Astronautics meeting in Wash-
ington, Associate Administrator for Manned Space Flight George E. Mueller
outlined a number of innovations in AAP to achicve reductions in the unit cost
of futurc space missions: (1) reuse of command modules; (2) land landing,
which would greatly facilitate such spacecraft reuse; (3) “double usc” of the
S-IVB as both a propulsive stage and an OWS once in orbit; (4) repeated use
of the OWS during a series of missions; (5) flights of increasingly longer duration
(approaching perhaps a year or more); and employment of existing Apollo
flight hardware, physical facilities, management expertise, and industrial orga-
nizations once they became available. Thus, said Muecller, AAP would evaluate
man’s usefulness in space at a rclatively low cost, and that measurement would
be “obtained by doing useful things-~astronomical observation, extended explora-
tion of the moon and cxperiments with sensing cquipment that can lead to
benefits of enormous significance to all mankind.”

Astronautics and Aeronautics, 1967, p. 178.

The purposes of the AAP-1/AAP-2 mission were (1) to conduct a Jow-altitude,
low-inclination, Earth-orbital mission with a crew of threc men, open ended
to 28 days’ duration, using a spent S-IVB stage as an OWS; (2) to provide for
reactivation and reuse of the OWS during subsequent missions occurring up to
1 year later; (3) to conduct inflight experiments in the areas of science, appli-
cations, technology, enginecring, and medicine; and (4) to qualify man, evaluate
his support requirements, and determine human task performance capability on
long-duration manned space flight missions.

Objectives of the mission were to (1) demonstrate rendezvous and hard docking
of the command and service modules to the multiple docking adapter; (2) deter-
mine the fcasibility of operating the OWS as a habitable space structure for an
extended period; and (3) obtain data to evaluate space flight environmental
effects on the crew of a mission duration of 28 days.

AAP Dircctive No. 3B, “Flight Mission Directive for Mission AAP-1/AAP-2 19
June 1967.

MSFC and MSC representatives met with Principal Investigators at MSC where
detailed briefings on the ATM were held. This was the final bricfing of a series
on ATM systems and experiments.

MSC, “AAPO Weekly Activity Report,” 28 June 1967.

Roth North American and Grumman were out of funds on Apollo Applications
Program contracts. Procurement plans for follow-on cffort with both contractors
were in Headquarters for approval. North American was limiting its effort to
AAP-1 and AAP-2. No work peculiar to AAP-3 and AAP-4 was being
accomplished. Grumman was continuing operations using its own funds.
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MSC, “AAPO Weekly Activity Report,” 21 June 1967.

Donald K. Slayton and Christopher C. Kraft, Jr., of MSC stated that it was
mandatory, in their opinion, to launch t.e unmanned vehicle first in the
AAP-1/AAP-2 mission. Reascns cited were the following:

* If the unmanned vehicle failed to achieve orbit or could not be made
to function once in orbit, the CSM would not be launched as planned. This
would eliminate subjecting the flight crew to the potentially hazardous conditions
of booster-powered flight, service propulsion system circularization burn, retrofire,
reentry, landing, and recovery. It would also save cost-, since the CSM could
be used for another mission.

* Operationally, it would be more feasible to ascertain that an unknown
configuration could withstand a launch phase than to ccmmit a proven space
vehicle without this knowledge.

Memorandum, C. C. Kraft, Jr., and D. K. Slayton to R. F. Thompson, MSC, “Un-
manned versus manned launch sequence for AAP mission 1/2,” 28 June 1967.

Prenegotiation factfinding sessions with Grumman were completed at MSC.
Agreement was reached on the statement of work for the final definition (phase
C) of the LM for the first LM/ATM mission and continued definition study
(phase B) for utilization of the LM. Grumman cost proposals were discussed
from the manning aspect only. Dollar figure discussion was delayed pending veri-
fication of bid rates.

MSC, “AAPO Weekly Activity Report,” 5 July 1967,

MSC established an Apollo Applications Program Mission Design Information
Group within the Mission Planning and Analysis Division. Function of the new
group was to cstablish mission planning information requirements, acquire the
necessary information, and integrate and publish the information in support of
mission planning milestones. Data categories included such items as configuration,
propulsion, aerodynamics, sequences of events inherent in spacecraft design, con-
sumables, clectrical power, environmental control, communications, thrust vector
control, guidance and navigation, and mass properties.

MSC Announcement 67-101, “Apollo Applications Program Mission Design Informa-
tion Group,” 3 July 1967.

MSFC and MSC personnel met at MSC to resolve action items from a Head-
quarters test meeting held on 30 March, The action items involved the LM/ATM
thermal vacuum test program. General agreement was reached on test configura-
tion, with MSC supporting the MSFC position that a thermal vacuum test was
necessary on the ATM flight unit. MSC agreed to conduct a chamber contami-
nation test with jointly agreed upon procedures.
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MSC, “AAPO Weekly Activity Report,” 5 July 1967.

Increased activity and interest in the ATM project created the necessity for con-
ducting ATM monthly project reviews in the Office of Manned Space Flight.
MSFC provided the principal inputs on such aspects as schedules, funding, and
technical performance. Material covered progress achieved during the month,
current problems, and actions taken.

Letter, C. W. Mathews, NASA Hgq, to R. F. Thompson, MSC, “Apollo Telescope
Mount Monthly Project Review,” 11 July 1967.

Detailed discussions by MSC represcntatives with Lockheed and Martin were
completed on the planned AAP-A and AAP-B carrier definition studies which
were to be accomplished during the next 60 days. Discussions had begun on 27
June. A common work statement was prefared and forwarded to MSFC for
release to the contractors. Additional meetings wcre planned with both con-
tractors to familiarize them with MSC engineering and operations organizations.

MSC, “AAPO Weekly Activity Report,” 12 July 1967.

A factfinding tour of NASA’s major manned space flight facilities at the end of
June by Deputy Administrator Robert C. Seamans, Jr., and top members of the
Administrator’s immediate staff produced a broad evaluation of the program roles
and workloads of the various Centers in light of coming Apollo accomplishments
and transition to other manned space flight programs. In regard to AAP, st:ff
members recommended to Seaumans that flight schedules be stretched out to
reduce costs, and that the agency investigate the feasibility of including Earth-
sensing payloads aboard the basic Apollo AAP spacccraft. In part, study of
FEarth-sensing payloads should include definition of those payloads per se; launch
vehicle requirements to achicve high-inclination Earth orbits; development status
of the AAP cluster hardware for the Orbital Workshop; definition of biomedical
technology; and experiment requirements at MSC.

Letter, C. R. Praktish, NASA Hy, to R. C. Scamans, Jr., NASA Hgq, “Report Cover-
ing Visits to KSC, MSFC, MTF, Michoud, and MSC—June 26-June 28, 1967, 24
July 1967.

An ad hoc committee formed to establish the crite-ia for combined AM/MDA
manned altitude chamber testing met at MSC. Agrcement was reached on
ground rules for the detailed planning of the mated vchicle test program and for
the proposed test flow of the combined vehicle.

MSC, “AAPO Weekly Activity Report,” 2 August 1967.

NASA selected the Martin Marietta Corporation, Denver Division, for negotiation
of a 27-month contract for payload integration of experiments and experiments
support equipment in space vehicles for the AAP. Initial work of the contractor
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involved the OWS and ATM at MSF C; meteorological and Earth resources pay- 1967
loads at MSC; and test integration planning and support for launch operations

July
at KSC.,

NASA News Release 67-199, “Contract Sct With Martin Co. for AAP,” 26 July
1967; memoranda, L. W. Vogel, NASA Hgq, to Associate Administrator for Manned
Space Flight, “Selection of Contractor to Accomplish Apolio Applications Program
Payload Integration (Phase D),” 27 July 1967; G. E. Mueller, NASA Hgq, to Deputy
Administrator, “AAP Payload Integration Contractor Selection,” 18 July 1967.

NASA Administrator James E. Webb testified on the NASA FY 1968 authorizz- 26
tion bill before the Senate Committec on Appropriations’ Subcommittee on
Independent Offices. Asked by Sen. Spessard Holland (D-F la.) to make a choice

between a substantial cut in funding for the Apollo Applications Program and the

Voyager program, Webb replied that both were vital to the U.S, space effort.

“The Apollo Application is a small investment to expend on something you

have already spent $15 billion to get and it scems to me that this is important.

“On the other hand, the United States, if it retires from the exploration of the
Planetary field, in my view, . . . [will face] the most serious consequences be-
cause the Russians are going to be moving out there and our knowledge of the
forces that exist in the Solar System can affect the Earth and can be used for
many purposes to serve mankind or for military power . . . . Criticized by
Sen. Holland for refusing to make a choice, Webb said he did not want “to give
aid and comfort to anyone to cut out a program. I think it is essential that we
do them both.”

U.S. Congress, Senate, Subcommittee of the Committce on Appropriations, National
Aeronautics and Space Administration Appropriations for Fiscal Year 1968: Hearings
on H.R. 12474, 90th Cong., Ist sess., 1967, pp. 76-77.

NASA awarded The Boeing Company a contract for long-lead-time materials 26
(such as propellant ducts and fuel tank components) for two additional Saturn

V’s. This contract marked the first Saturn V procurement in support of Apollo
Applications Program.

NASA News Release 67-200, “NASA Orders 2 Saturn V’s for Post-Apollo,” 26 July
1967.

MSFC effected a reorganization to meet the needs of systems engineering and 27
integration for AAP, A Systems Engincering Office was established as an integral

part of the AAP Office, with responsibility for all AAP systems engineering. In

addition, the central Research and Development Systems Engineering Office was

strengthened to provide a focal point for the concentration of systems cngincering

in support of all assigned programs,

Letters, George E. Mucller, NASA Hgq, to Wernher von Braun, MSFC, 30 June 1967;
Wernher von Braun to George E. Mueller, 27 July 1967,
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NASA extended its Science and Technology Advisory Committee for Manned
Space Flight for two more years. Purpose of the committee was to advise the
Associate Administrator for Manned Space Flight on the scientific and technical
content of manned space flight programs and on methods for obtaining maximum
use of the scientific and engineering talents and knowledge reguired for the suc-
cess of the manned space flight program.

NASA News Release §7-202, “Manned Science Group to Serve Two More Years,”
27 July 1367.

At a design meeting in Huntsville, designers decided to incorporate the Orbital
Workshop’s two fivors into one common grated floor in the crew quarters to
save weight. This concept calied for the crew quarters to be on one side of the
floor and a large open area on the opposite side permitting intravehicular activity
in the hydrogen tank dome.

MSFC, Orbital Workshop Status Meeting minutes, 28 July 1967.

NASA’s Offic- of Manned Space Flight and Office of Advanced Research and
Technology were engaged in a cooperative program to develop the technelogy of
flexible wings for spacccraft recovery. The technology was expected to have
broad applicability in the Apollo Applications Program, as well as follow-on
manned space flight programs. The principal technology effort would concen-
trate on parawing and sailwing configurations. LaRC would manage the para-
wing technology program with support from MSC. The sailwing technology
effort would be managed by MSC with LARC providing wind tunnel support.

Memorandum of understanding, Charles W, Mathews, NASA Hq, and M. B. Ames,
Jr., NASA Hq, “OMSF/OART Cooperative Parawing/Sailwing Technology Pro-
gram,” 28 July and 1 August 1967.

Representatives of McDonnell Douglas and Grumman met with MSC personnel
to discuss the feasibility of installing lunar module radar transponders on the air-
lock module. Several problems were identified, but the concept appeared feasible.
Problems involved the thermal and electrical power interface electronic package
with the AM and the electromagnetic radiation pattern of the antenna. McDon-
nell Douglas and Grumman were to work on the interface problems and MSC
was to conduct pattern tests to identify and determine magnitude of the radar
null zones.

MSC, “"AAPO Weekly Activity Report,” 9 August 1967.
NASA decided to terminate all activity associated with the hardware and software
procurement, development, and testing for the lunar mapping and survey system.

The purposc of the system was to provide site certification capability to the most
scicntifically interesting arcas on the lunar surface for the AAP.
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TWX, Charles W. Mathews, NASA Hq, to Robert F, Thompson, MSC, R. O. Piland,
MSC, Leland F. Belew, MSFC, and R. C. Hock, KSC, 2 August 1967.

NASA defined requirements and responsibilities to initiate the actions necessary
for the execution of the AAP-IA mission. It defined the mission purposc, mission
objectives, and Center responsibilities for implementation of the mission, as well
as the general flight plan, configuration, and supporting ground test constraints.

AAP Directive No. 6, “Flight Mission Directive For AAP-1A,” 2 August 1967.

Justifying the validity of the Apollo Applications Program (AAP), George E.
Mueller discussed the development of AAP. In outlining some of the significant
decisions and changes, Mueller showed that the evolution of the program plan
had taken place in an orderly fashion, with the Centers participating in the plan-
ning process. He stated that the program had progressed in spite of complicating
factors such as the impact of the Apollo 204 accident and the adjustments re-
quired by congressional funding.

Memorandum, George E. Mueller, NASA Hgq, to NASA Dcputy Administrator Robert
C. Seamans, Jr., 10 August 1967.

The ATM required a dloscly controlled environment during manufacture, quality
checkout, and flight checkout activities. To ensure the required control of clean-
liness, temperature, and humidity, two buildings were required at MSFC—one
for the manufacturing precess, the other for quality checkout. An environmentally
controlled arca was also required at KSC for flight checkout of the ATM.

Memoranda, E. H. Cagle, MSFC, to C. L. Dykes, MSFC, “Environmentally Con-
trolled Rooms for the ATM,” 23 August 1967; E. H. Cagle to Dist., “Minutes of
MSFC/MSC ATM Thermal Vacuum Meeting,” 22 August 1967.

In a letter to Saturn Apollo Applications Dircctor Charles W, Mathews, MSC’s
AAP Assistant Manager Robert F. Thompson presented Houston’s philosophy
regarding major AAP reprogramming. Two factors, Thompson said, underlay
the nccessity for planning alterations: (1) the likelihood of funding cutbacks dur-
ing 1968 and 1969 and (2) a clearer picture of how much Apollo hardware AAP
might inherit, as Apollo reprogramming matured after the 204 accidc.  Thomp-
son then set forth MSC's recommendatious for the next phase of AAP plunning:
a manned Earth-orbital mission during 1969; two manncd flights of 28 and 56
days using the OWS during 1970; a manned AAP/ATM flight during 1971,
long-duration (two months to ore year) manned flights during latc 1971 and
1972; and manned lunar missions (including surface operations) in the post-
Apollo period. In defining the AAP 1missions, however, Thompson stressed that
until the Apollo goal of landing on the Moon had been achieved, AAP must be
Jooked on as an “alternate to” rather than an “addition to” the main thrust of
Apollo. It must be clear throughout the NASA manned space flight cstablishment
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that Apollo and AAP would not be overlapping programs and that AAP must
not compete with or detract from the main Apollo design.

Letter, Robert F. Thompson to Charles W. Mathews, “Apollo Applications Program
Planning,” 29 August 1967.

The first NASA/North American managem.nt meeting was held at Downey,
California. At the time, North American was placing major effort on the process-
ing of kit data packages. It was envisioned that a sufficient number of the kits
would be processed to cover all AAP requirements. From these, selected ones
would be utilized for a specific mission.

History of the Apollo Applications Program, 1966 io September I, 1968, pp. 2-12.

MSFC returned a McDonnell Douglas-built S-IVB Orbital Workshop mockup
to the contractor’s Space Systems Center in Huntington Beach, California, for
incorporation of a number of design changes. Foliowing modification, the mock-
up would represent the S-IVB stage as a manned space laboratory designed for
use in the AAP. The design changes included relocation of a floor separating
two sections of the stage’s liquid hydrogen tank, addition of a ceiling and other
fixtures, and relocation of come of the experiment stations.

MSFC, Skylab Chronology, 1 January-31 December 1967, p. 71.

During a manned space flight program review, AAP contractual actions were dis-
cussed. It was pointed out that since June there had been no contractual coverage
of the North American activity on AAP. It was also pointed out that the Grum-
man activity on AAP had never been covered by contract and was being funded
by Grumman in anticipation of contractual coverage.

Memorandum, F. Magliato, NASA Hgq, to Robert C. Seamans, Jr., NASA Hgq,
“Manned Space Flight Program Review,” 13 September 1967.

Martin Marietta’s Denver Division completed a 60-day study on AAP Mission
1A. The study defined hardware configuration and developed an approach for
integrating NASA-designated experiments into AAP-1A. Objectives of the ex-
periments and mission operations were to (1) perform an early cvaluation of the
operational feasibility of selected Earth resources, bioscientific, meteorology, and
astronomy experiments; (2) verify the enhancement of experiments by the pres-
ence of man for monitoring, controlling, and interpreting data obtained on orbit;
(3) obtain operating experience with available hardware; and (4) extend experi-
ment and mission coverage to 50° latitude. The study showed how the mission
objectives could be met.

Martin Marictta Corp., Final Report, AAP Mission 14, 60-Day Study, 20 September
1967.
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AAP cluster experiments for S-IVB Orbital Workshop.

An interface panel organization was established within the NASA Skylab Pro-
gram for defining, controlling, and resolving inter-Center problems. Among the
panels established were mechanical, electrical, instrumentation and communica-
tion, mission requirements, launch operation, test planning, and mission evalua-
tion. Panels were responsible for identifying, resolving, and documenting technical
problems in coordination of more than one Center. Panels would take necessary
action regarding design, analysis, studies, and test and operations within the
scope of their charters, to ensure technical compatibility for physical, environ-
mental, functional, and procedural interfaces.

Skylab Program Directive No, 7, 21 September 1967.
North American Aviation, Inc., and Rockwell-Standard Corporation merged as
North American Rockwell Corporation.

Telecon, R. Newkirk, HSCC, to Lyle Burt, Rockwell International, 15 October 1974.
Thomas W. Morgan, USAF, was designated Apollo Applications Program Man-
ager at KSC. Robert C. Hock, who had been Acting Manager since 10 January,

became Deputy Manager in addition to his duties as Chief, Advanced Programs
Office.

Announcement, KSC to Dist,, “Morgan Named Apollo Applications Program Mana-
ger,” 29 September 1967.
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SKYLAB: A CHRONOLOGY

NASA Deputy Administrator Robert C. Seamans, Jr., resigned. He had joined
NASA in September 1960 as an Associate Administrator. In December 1965 he
had been appointed Deputy Administrator of NASA by President Lyndon B.
Johnson. His resignation would become effective 1 January 1968.

NASA News Release 67-257, “Dr. Seamans’ Resignation Announced,” 2 October
1967.

NASA Hgq issued a revised AAP schedule incorporating recent budgetary cut-
backs. The schedule reflected the reduction of AAP lunar activity to four mis-
sions and of Saturn V Workshop activity to 17 Saturn IB and 7 Saturn V
launches. There would be two Workshops launched on Saturn IBs, one Saturn V
Workshop, and three ATMs. Launch of the first Workshop was scheduled for
March 1970.

NASA Hgq Schedule, 3 October 1967.

NASA selected Bendix Corporation for negotiation of a contract for design and
development of long-duration cryogenic gas storage tanks for use in the first
56-day AAP flight. The contract was expected to require 18 months for
completion.

MSC News Release 67-64, 20 October 1967.

NASA requested that a joint MSFC/MSC document be prepared identifying
each potential crew safety hazard, the successful resolution of these hazards, and
test result documentation supporting the resolutions. The cffort would include
the crew safety/health hazards associated with flammability, micrometeoroid
penetration, outgassing, and passivation, and would consider propellant, insula-
tion liner, crew quarters thermal curtain, and other nonmetallic material impli-
cations. Since crew safety was fundamental to the design of the OWS, the
document would be required prior to the OWS preliminary design review.

Letter, Charles W. Mathews, NASA Hq, to Leland F. Belew, MSFC, and Robert F.
Thompson, MSC, “Orbital Workshop—Crew Safety Aspects Request for Joint Ac-
tions,” 20 October 1967.

Minuteman strap-ons for the Saturn IB were canceled as part of the AAP. The

studies for AAP on the feasibility of the Minuteman strap-ons were terminated.

TWX, Charles W. Mathews, NASA Hg, to Leland F. Belew, MSFC, Thomas W,
Morgan, KSC, and Robert F. Thompson, MSG, “Minuteman Strap-ons For the
Saturn IB,” 23 October 1967,

An active cooling system (fluid circulation) was incorporated into the ATM
thermal system to meet temperature control requirements.

Memorandum for record, R. Ise, MSFC, 3 November 1967.
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At KSC, Apollo Applications Program Manager Thomas W. Morgan requested
that key personnel in cach KSC Directorate participate in design reviews to ensure
operational suitability of AAP hardware in the KSC environment, to plan for
prelaunch testing of AAP-pcculiar hardware and experiments, and to provide
gencral KSC support to AAP,

Memorandum, Thomas W. Morgan to Dist., 31 October 1967,

A NASA Resident Management Office was established as an extension of both
MSFC and MSC at Martin Marietta, Denver Division, to serve as a central
point of contact to both Martin Marietta and the Air Force Plant Representative
on matters involving the Apollo Applications Program, with immediate emphasis
on payload integrations. In addition, it would serve as a focal point for visitor
coordinatior. exchange of information and matters of mutual interest to NASA
and Martin Marietta.

Letters, Wernher von Braun, MSFC, and Robert R. Gilruth, MSC, to J. D. Rauth,
Martin Marietta, 15 November 1967; H. H. Gorman, MSFC, and W. L. Hjornevik,
MSQC, to F. F. Swan, USAF, 13 November 1967.

Representatives from MSC, MSFC, and Grumman met at Huntsville to discuss
the LM/ATM testing to be performed at KSC. Purpose of the meeting was to
resolve any differences in the testing procedures for the LM/ATM prior to
presenting the requirements to KSC.

Letter, Leland F. Belew, MSFC, to Thomas W. Morgan, KSC, “Preliminary test re-
quirements LM/ATM,” 17 November 1967.

During meetings held in Washington and Huntsville, an alternative configura-
tional approach (basis for dry Workshop) for meeting AAP objectives was pro-
posed by MSC as one method of overcoming certain problems that had been
identified during the past scveral months. Following the discussions, it was
decided to proceed as programmed. (Sce 21 May 1968 entry.)

Memorandum for record, John H. Disher, NASA Hgq, “Pros and Cons of an Alternate
Configurational Approach to Meeting AAP Objectives,” 27 November 1967, and
“AAP Program Discussion at MSFC on November 19, 1967,” 27 November 1967;
letters, G. S. Trimble, MSC, for Robert R. Gilruth, MSC, to George E. Mueller,
NASA Hgq, 14 December 1967,

NASA’s AAP Dircctor Charles W, Mathews stated: “The activities involved in
the AAP represent major steps in the utilization of our space capability. The
results of this program can serve to establish the direction of future space ex-
ploration and applications. In particular, increased knowledge on the effective
integration of men into the total system should accomplish much in determining
the character, system configurations and operational approach in future pro-
grams, The ability to capitalize on the large investments already made in the
Apollo program affords the opportunity to carry on this work in Apollo appli-
cations in an efficient and economical manner.”
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Charles W. Mathews, “Apollo .\pplications—A Progress Report” paper presented
at the Astronautics International Symposium sponsored by the American Astronautical
Society, New York, 27-29 November 1967.

The NASA Directors of the Apollo and Apollo Applications Programs Samuel C.
Phillips and Charles W. Mathews, in a letter to their MSC counterparts, George
M. Low and Robert F. Thompson, said: “Within the scope of the AAP program,
it is desirable that an in-depth evaluation of a recovered CM be made as early as
possible to fully determine the technical feasibility and economy of refurbishment
and reuse of recovered Apollo Command Modules . . . .

They added that as a prerequisite to test and evaluation for refurbishment po-
tential, salt water corrosive effects must be minimized on recovered spacecraft.
This would involve some postflight operations to be performed aboard the re-
covery ship: dropping the aft heat shield, flushine the pressure shell, and drying
and packaging for subsequent test and evaluation.

Low and Thompson were requested to coordinate and jointly establish postflight
handling and test requircments for spacecraft 020 in a manner ensuring no impact
on the Apollo 6 schedule or the postflight evaluation of the recovered spacecraft.

Letter, Samuel C. Phillips and Charles W. Mathews to George M. Low and Robert F.
Thompson, “Post Flight Operations and Tests of §/C 020 for Refurbishment Evalua-
tion,” 30 November 1967,

NASA presented the ATM program to the Astronomy Missions Board at Cam-
bridge, Massachusetts. Considerable interest was shown by the Board regarding
crew participation in the ATM mission. The Board recommended an early
crew assignment for ATM, so that adequate training in solar physics could be
provided, and also recommended that scientist astronauts be assigned as members
of the ATM flight crew.

NASA, “Manned Space Flight Weekly Report,” 11 December 1967.

Robert F. Thompson, Assistant Manager of MSC’s Apollo Applications Program
Office since its establishment in July 1966, was appointed Manager of that office.
The position had been vacant since April 1967 when MSC Deputy Director
George M. Low, who had been Acting Manager, | *came Manager of the Apollo
Spacecraft Program Office.

MSC Announcement 67-173, “Manager, Apollo Applications Program Office,” 4
December 1967.

Representatives of MSFC, MSC, Grumman, Martin Marictta, North American,
and McDonnell Douglas met at MSC to explore flight vibration levels for appli-
cation to hardware mounted inteinal to the spacecraft lunar module adapter
(SLA) on an S-IB. Al agencies were in agreement that acoustic vibration testing
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was the most appropriate for design verification of hardware mounted within
the SLA in the moderate- to high-frequency regior. It was also agreed that the
MSC Acoustic Facility was the most desirable for this testing.

NASA, “Apollo Applications Weekly Status Report,” 22 December 1967,

Representatives of NASA and the acrospace industry participated in a four-day
meeting on the Orbital Workshop design requirements at MSFC. During the first
day, discussions covered structures, mechanical systems, and propulsion. On the
second day, instrumentation and communications documentation was reviewed.
The third day focused on crew station reviews. On the final day, results were
summarized.

NASA, “Manned Space Flight Weekly Report,” 18 December 1967.

Apollo Applications Program Director Charles W. Mathews directed the AAP
Munagers at the three manned space Centers to halt all activity pertaining to the
AAP-IA missions. The purpose of the AAP-1A mission would be to perform
experiments in space sciences and advanced applications in a low-altitude Earth
orbit for up to 14 days.

TWX, Charles W. Mathews to Leland F. Belew, MSFC, Robert F. Thompson, MSC,
and Thomas W. Morgan, KSC, “Mission 1A Termination,” 27 December 1967.

A lunar exploration prograr. had been developed which wouid cover the period
from the first lunar landing to the mid-1970s. The program would be divided
into four phases:

(1) An Apollo phase employing Apollo hardware.

(2) A lunar exploration phase untilizing an extended LM with increased
landed payload weight and staytime capability.

(3) A lunar orbital survey and exploration phase using the AAP-1A carrier
or the LM/ATM to mount remote sensors and photographic equipment on a
manned polar orbit mission.

(4) A lunar surface rendezvous and exploration phase which would use a
modified LM in an unmanned landing to provide increased scientific payload
and expendables necessary to extend an accompanying manned LM mission to
two weeks duration.

Bellcomm, Inc., Technical Memo, “Lunar Exploration,” 5 January 1968.

NASA Administrator James E. Webb recommended a cautious, step-by-step,
wait-and-sce approach to selection of a contractor for adapting the Apollo CSM
to AAP requirements.

Memorandum, James E. Webb to Associate Administrator for Manned Space Flight,
“Adapting the Apollo CSM for AAP,” 8 January 1968.

125

1967

December

11-14

27

1968

January

T A T P o T S T L Iy TS




1968

January

12

16

23

SKYLAB: A CHRONOLOGY

NASA budgetary restraints required an additional cut in AAP launches. The
reduced program called for three Saturn IB and three Saturn V launches, in-
cluding one Workshop launched on a 3aturn IB, one Saturn V Wor'. ‘op, and
one ATM. Two lunar missions were planned. Launch of the first Workshop
would be in April 1970.

NASA Hgq Schedule, 9 January 1968.

MSFC awarded Perkin-Elmer Corporation a contract to develop the telescopes
for the ATM.

Contract NAS 8-22623, 8 January 1968.

NASA Hq authorized MSC to extend through 15 May 1968 the existing contract
with Grumman. Purpose of the contract was a study leading to a preliminary
design review of LM modifications for AAP.

TWX, George E. Muelier, NASA Hgq, to Robert R. Gilruth, MSGC, “Extension of
Present AAP LM Modification Contract,” 12 January 1968.

NASA awarded a letter contract to Martin Marietta for the payload integration
cffort on AAP. (See 26 July 1967 entry.)

Letter, contract NAS 8-24000, 16 Janaary 1968.

A directive to specifically identify responsibilities for planning, conducting, and
reporting on audits of reliability, quality, and system safety program activities
at all AAP organizational levels was issued by NASA.

AAP Directive No. 9, “Reliability, Quality, and Systrm Safety Auditing,” 22 January
1968.

As originally conceived, the AM consisted of a simple tunnel and truss structure
that provided access to the S-IVB OWS from the CSM. The AM subsystems
provided distribution of power from the CSM to the OWS, a temperature regu-
lated, clean atmosphere for the Workshop, and limited instrumentation.

After a year of program cvolution, the AM, although similar in appcarance and
utilizing more than 60 percent of the effort expended on the original AM, had
become physically different, with a considerably more complex role to play. The
AM had become the hub and centi.l “engine room” of the cluster by incorporat-
ing the electric power conditioning, storage, and distribution system. It was
designed to receive and store power from the solar arrays, the CSM, and LM
and to make distribution of power to the OWS, AM, MDA, CSM, and, in
emergencies, the LM, The AM was designed to provide the central environmental
control system for distributing a dehumidified, cleansed, odor free, teraperature
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The airlock tunnel assembly was
fabricated at the McDonnell
Douglas facility in St. Louis.
This photo shows the hatch
still being tackwelded.

conditioned, oxygen/nitrogen atmosphere to the OWS, AM, MDA, CSM, and
LM and to provide ccolant loops for its equipment and that in the MDA. In
additic it contained the central command and instrumentation center for the
OWS, as well as an overall caution and warning system. The AM was being
developed by McDonnell Douglas, St. Louis.

Memorandum for record, T. E. Hanes, “Comparison of the originally contracted Air-
lock with the scope of present Airlock contract requirements,” 23 January 1968.

A study of the LM/ATM was initiated to conduct a critical and constructive
review of all aspects of the LM/ATM mission to include cost, scheduling, and
complexity. The three-man study team consisted of George E. Mueller (NASA
Hg), Ludic G. Richards (MSFC), and George S. Trimble (MSC).

Letter, George S. Trimble to George E. Mueller, 25 January 1968; memoranda,
Robert F. Thompson to Dist., “LM/ATM Study,” 23 January 1968, and “Ad Hoc
Studies of Alternate Apollo Applications Program Plans,” 17 January 1968,

A Bellcomm review which summarized the system configuration aspects of operat-
ing the LM/ATM independently of the OWS was presented at the AAP review
NASA Hgq. The review concluded that decoupling was feasible within the frame-
work of the mission objectives.

Memorandum for file, R. K. McFarland, Bellcomm, “Coupled vs. Decoupled LM/
ATM Mission Concepts: System Tonfiguration Aspects,” 14 February 1968,

Nomenclature for the OWS included in the AAP presented in the FY 1969
budget was confirmed by NASA. The ground-outfitted OWS to be launched
with Saturn V would be designated the “Saturn V Workshop.” (This had some-
times been called the “dry Werkshop.”) The OWS that would be launched
by a Saturn IB would be referred to as the “Saturn I Workshop.” (Colloquially it
had been referred to as the *“‘wet workshop.”) Terminclogy “Uprated Saturn 1”
would not be used officially. This launch vehicle would be referred to as the
“Saturn IB.”
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1968 Memorandum, W, H. Shapley, NASA Hgq, to Heads of Program and Staff
“Nomenclature for AAP Orbital Workshops,” 29 January 1968.

Janvary
29 An S-TVB residual-propellant dump test was conducted in orbit duﬁng the Apollo
5 mission. Test results were applicable to the AAP OWS passivation requirements.
The test was performed on the S-IVB after separation of the lunar inodule. First

the liquid oxygen was dumped, then the liquid hydrogen. This was followed by
the release of helium in the stage pneumatic system. Preliminary indications were

that propellant settling was satisfactory.

NASA, “AAP Weekly Progress and Problem Summary,” 29 January 1968.

as held at MSFC on 16-17 January and
use requirements for AAP-3A 5

and AAP-3/4 experiments. On 26 January an AAP (Mission 2) MDA preliminary ;
Phase II, Technical Review Board convened at MSFC. As a result ,

design review,
of discussions of this Board meeting, 2 joint MSFC MSC study group was proposed
bilities. The study group

to define AAP cluster attitude control pointing capa

would define the capabilities of the presently baselined S-IVB attitude control ‘
system, the Apollo service module reaction control systein, and the Apollo tele-
scope mount control moment gyro system to determine if incompatibilities existed )

with the operations requ d sensors.

an An MDA preliminary design review w
resulted in action to integrate the resupply and re

irements and the proposed experiments an |
;

ogram, 1966-1 September 1968;

NASA, OMSF History of the Apollo Applications Pr
» 99 January 1968; memo-

NASA, “AAP Weekly Progress and Problem Summary,
randa, Robert F. Thompson, MSC, to Dist., “Multiple Docking Adapter Preliminary

Design Review,” 4 January 1968; Robert F. Thompson to Dist., “‘Joint MSFC-MSC
AAP Cluster Attitude Control Capabilities Study Group,” 31 January 1968.

e e s el

Saturn V OWS study teams were examining a range of concepts in two distinct
categories, OWS-B and OWS-C. OWS-B would be a relatively simple, generic
evolution from the Saturn I OWS being developed for the first AAP missions. It
would retain the basic elements of the Saturn I OWS but would incorporate the
ATM solar astronomy payload as an integral part of the OWS. Other modifica-
tions to improve overall effectiveness would be incorporated where this could
be achieved with small increments of funds or time. OWS-C would be a more
advanced concept in the evolution toward a flexible operational system for b
sustained operations in Earth orbit. It would provide living and working quarters E‘

for a crew of nine and would be operable for two or more years.

Memorandum, Charles W. Mathews, NASA Hgq, to F. L. Thompson, LaRG,
V Workshop Studies,” 5 February 1968.
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* Obtain engineering data from the operation of the ATM attached to a
LM ascent stage to support development of an advanced manned orbital ob-
servatory.

* Demonstrate hard dock of the LM /ATM to thc MDA of the Saturn I
OWS left in orbit from the AAP-1 /AAP-2 mission.

* Determine feasibility of reactivating and operating a Saturn I OWS as
a habitable space structure for a period of up to 56 days from the AAP-3 launch
date through evaluation of the CSM /S-IVB/AM/MDA.

AAP Directive No. 5A, “Flight Mission Directive for AAP-3/AAP—4.” 12 February
1968. .

A management review of the pointing system for the ATM was held with Perkin-
Elmer Corporation. Conceptual design was completed and approved by MSFC.
In addition, the preliminary requirements review for the H-Alpha telescope and
pointing system was satisfactorily completed by MSC.

NASA, “Manned Spacc Flight Weekly Report,” 26 February 1968.

Astronauts and spacecraft designers used this engineering mockup of the Saturn I
Workshop during a five-day crew station review at MSFC. The space-suited
technician is shown operating a control panel while being heid in place by
“Dutch Shoes” attached to the mesh floor.
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Harold T. Luskin, Chief Advanced Design Engineer at Lockheed-California
Company, and former American Institute of Aeronautics and Astronautics Presi-
den:, was named NASA Deputy Associate Administrator for Manned Space
Flight (Technicai) effective 18 March.

NASA News Release 68-39, “Luskin Appointed at NASA,” 26 February 1968.

To ensure that at appropriate and progressive points in the AAP life cycle suffi-
cient management visibility was obtained of the status of design, manufacturing,
and testing to determine the integrity of the system before a mission, seven key
checkpoints were established :

(1) PRR—preliminary requiremenis review.
(2) PDR—opreliminary design review.

() CDR—critical design review.

(4) CI—configuration inspection.

(5) COFW—certification of flight worthiness.
(6) DCR—design certification review.

(7) FRR—Alight readiness review.

AAP Directive No. 11, “Sequence and Flow of Hardware Development and Key
Inspection, Review and Certification Checkpoints,” 26 February 1968,

AAP was first presented as a separate Research and Development program in
NASA’s FY 1968 budget request, which was submitted to Congress in January
1967. As originally conceived, AAP was designed to take full advantage of the
Nation’s investment in Apollo-developed hardware, facilities, and manpower.
However, in making adjustments to considerably lower funding, the program was
pared down to the minimum level for maintaining a reasonable manned space
flight program in the early part of the next decade and preserving any basic
capability for future U.S. manned operations in space.

Memorandum, J. Pemble Field, Jr., to Dist., “History of AAP, Prepared for Con-
gressman Teague,” 29 February 1968,

LaRC Director Floyd L. Thompson was appointed Special Assistant to NASA
Administrator James E. Webb and Chairman of a Post-Apollo Advisory Com-
mittee to evaluate future manned space flight projects. These assignments were
in addition to his duties as LaRC Director. Since these additional responsibilities
would require Thompson to spend a portion of his time away from Langley,
LaRC Deputy Director Charles J. Donlan would serve as Acting Director.

NASA News Relcase 68-41, 29 February 1968; letter, James E. Webb to Floyd L.
Thompson, 15 February 1968. )

An evaluation and selection committec was formed to review the suitability of
candidate chambers for ATM thermal vacuum testing. The committee, composed
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Manned Spacecraft Center Airlock Module Trainer.

of members from the OMSF Apollo Applications Program Office, MSFC, MSC,
Goddard Space F light Center, and the Jet Propulsion Laboratory, would evaluate
chambers located at MSC, Arnold Engineering Development Center, The Boeing
Company, and General Electric Company, in terms of availability, schedules,
capability, modification requirements, contamination control, cost, and logistics,

NASA, “Manned Space Flight Weekly Report,” 4 March 1968,

Funds were released to MSC for support of the Environmental Science Services
Administration for the design and fabrication of a preprototype model of the in-
frared temperature profile radiometer. Recent ESSA reviews indicated that the
fabrication of a Preprototype instrument at this stage of AAP would be a major

advance in the ESSA goal of operational temperature soundings of the atmosphere
in the mid 1970s,

Letter, L. Jaffe, NASA Hgq, to Robert R, Gilruth, MSC, “Release of Fiscal Year 1968
Program Authority,” 4 March 1968,

Fairchild-Hiller Corporation presented a mockup demonstration and technjcal
discussion of proposed OWS solar arrays at their Germantown, Pennsylvania,
plant. MSFC was planning to develop the OWS solar arrays and favored the
Fairchild-Hiller design approach, but experience and the details of their patented
design would require the establishment of a working arrangement.

NASA, “Manned Space Flight Weekly Report,” 18 March 1968.
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The ATM Principal Investigators presented the status of their experiments at
Ball Brothers Research Corporation in Boulder, Colorado. They reported good
progress in the development of their instruments and presented material to sup-
port their assessment that delivery would be on schedule. They also stressed the
importance of flying a mission as early as possible during a period of high solar
activity.

NASA, “Manned Space Flight Weekly Report,” 18 March 1968.

The first design verification thermal test of the cryogenic gas storage system for
AAP was completed at Bendix Corporation. Following the tests, the unit was
shipped to MSC for additional thermal vacuum testing to determine actual
hydrogen and oxygen performance.

NASA, “Manned Space Flight Weekly Report,” 11 March 1968.

NASA established a Test Definition and Planning Group to assist the respective
AAP Managers in the identification and resolution of problems concerned with
inter-Center ground testing of space vehicles and associated ground support equip-
ment. The group would perform a technical definition function for ground test
activities, Primary emphasis would be on planning associated with coordination
of integrated systems test activities where inter-Center functional responsibilities
were involved. The group would work with the AAP pancls, as required, to
develop recommendations for test activity integration.

AAP Directive No. 8, “Establishment of the Apollo Applications Test Definition and
Planning Group,” 12 March 1968.

MSC and MSFC were responsible, as development Centers, for design, develop-
ment, fabrication, qualification, acceptance test, and delivery of AAP spacecraft
and experiment carriers, assigned experiments, and associated ground support
equipment.

KSC was responsible for the development and operation of launch and industrial
facilities and associated ground support cquipment required to support AAP, and
the assembly, test, inspection, checkout, and launch of AAP spacc vchicles at
KSC.

AAP Dircctive No. 12, “Prelaunch Checkout and Launch of Center Developed (In-
House) Flight Hardware for the Apollo Applications Program,” 15 March 1968,

No central archives were planned for the experiment data from AAP. The ex-
periment records would be kept by the Centers having responsibility for the
experiments. However, MSC would establish and maintain a Central Index for
AAP experimental data.
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Letter, Charles W, Mathews, NASA Hq, to Robert F. Thompson, MSC, Leland F.
Belew, MSFC, and Thomas W. Morgan, KSC, “Data Flow Plan for AAP Missions
1-4,” 15 March 1968.

A task team was established to review the requirernents and establish a new base-
line for the LM and the ATM with the objective of reducing costs and opera-
tional complexity. The team was composed of senior members from the OMSF,
MSC, MSFC, The Martin Company, and Grumman.

Note, George E. Mueller, NASA Hg, to Charles W. Mathews. NASA Hq, 18 March
1968.

During the OWS preliminary design review, it was suggested that the AAP
vehicles contain a library of material of an operational, technical, and recreational
nature for use by the flight crews. Loewy and Snaith, Inc., had made a similar
suggestion. A survey of AAP crew members was being conducted to determine
the type and quantity of such materials the crews might desire so that design
engineers could arrive at a preliminary systems approach to an inflight library
and evaluate the impact.

Letter, Robert F. Thompson, MSC, to Donald K. Slayton, MSC, “In-flight library
for AAP missions,” 19 March 1968.

A preliminary design review board met at MSFC to discuss OWS major test
items. These included plans for a dynamics test program to determine the dy-
namics of the cluster and the requirements for flammability, toxicity, and crew
hazards analyses and tests. Individual subsystem flammability tests were planned.
MSGC specifications for crew compartment nonmetallic material selection and
testing would be used.

NASA, “Manned Space Flight Weekly Report,” 25 March 1968.

MSC adopted the position that only mixed gas atmospheres should be considered
for missions longer than 30 days in duration. Conceding that studies of the
physiologic effects of mixed gas atmospheres, other than air, were new in number
and controversial in nature, MSC suggested that such evidence as did exist in-
dicated that nitrogen was a superior choicc as a second atmospheric constituent
from an overall medical standpoint.

Letter, Robert R. Gilruth, MSC, to J. S. Bleymaier, USAF, 28 March 1968.

Following discussions at the Manned Space Flight Management Council meet-
ing at KSC on 21-24 March, Associate Administrator for Manned Space Flight
George E. Mueller and MSC Director Robert R. Gilruth conclud.d that, with
the stringent funding restraints facing the AAP, the most practical near-term
program was a Saturn IB OWS designed to simplify operational modes and
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techniques in Earth orbit. It was agreed that a special task force would be set
up to define and implement any changes necessary to the MDA, incorporate
new experiments into the program, and plan and program the critical series of
medical experiments required for AAP in order to collect vital data regarding
crew performance during the early phases of AAP long-duration flights.

The MDA task force held an initial meeting at MSC on 10-11 April. Require-
ments for the critical medical experiments were identified, and potential Earth
Applications experiments were reviewed. MSFC was requested to make a p-e-
liminary design analysis of the impact of incorporating critical medical experiments
and to determine which Earth applications experiments could be accommodated.

Letters. George E. Mueller to Robert R. Gilruth, 3 April 1968; Robert R. Gilruth to
George E. Mueller, 15 April 1968; Charles W. Mathews, NASA Hg, to Leland F.
Belew, MSFC, Robert F. Thompson, MSC, and Thomas W. Morgan, KSC, 2 April
1968 and 4 April 1968; “Manned Space Flight Weekly Reports,” 8 April 1968 and

15 April 1968.

NASA announced the selection of Genera: Electric Company’s Apollo Systems
Division to negotiate a one-year, cost-plus-fixed-fee contract to provide engineer-
ing support for AAP. Responsible to the AAP Office in NASA Hgq, General
Electric would perform such engineering support in the areas of reliability and
quality control, configuration management, testing, and checkout. (General
Electric was already fulfilling the same task in support of Apollo.)

NASA News Relcase 68-61, 4 April 1968.

In a speech before the National Space Club in Washington, AAP Director Charles
W. Mathews stated that, beyond the goal of landing on the Moon, NASA’s
overall plan for manned space exploration comprised “‘a balanced activity of lunar
exploration and extension of man’s capabilities in Earth orbit.” The AAP,
Mathews declared, contained sufficient flexibility so that it could be conducted
in harmony with available resources: “We are also prepared to move forward
at an increased pace when it is desirable and possible to do so.” He said con-
tingency planning left room for both budgetary and mission goal changes, thus
answering congressional criticism that NASA had not provided sufficient flexi-

bility regarding long-term goals.

Baltimore Sun, 18 April 1968, p. A-11.

The OWS passivation sequence was described at a flight operations plan meeting
held at MSC. Solar arrays would be deployed on the first stateside pass, since the
liquid portion of the passivation would have been completed. Gaseous passivation
was expected to require approximately 24 hours. The meteoroid bumper would
not be deployed until crew arrival because it would interfere thermally with the

passivation.

NASA, “AAP Weekly i'ccgress and Problem Summary,” 26 April 1968.
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One of 18 conceptual designs for the Earth-orbital spacecraft lunar module adapter
laboratory prepared by spacccraft design experts of the MSC Advanced Space-
craft Technology Division. This configuration was developed to illustrate the
extent to which the building block philosophy could be carried. It would utilize
beth Gemini and Apollo spacecraft and would require 2 unm

anned launches
and 10 manned logistic launches.

The report was published 25 April 1968,

NASA Hq requested MSFC, LaRC,
to identify the most desirable
to provide a project plan.

and MSC to perform independent studies
agency program for the Saturn V Workshop and

Letters, Cuarles W. Mathews, NASA Hgq, to Robert R, Gilruth, MSC, Wernher von
Braun, MSFC, and C. J. Donlan, LaRC, 25 April 1968.

A briefing was held at Andrews Air Force Base, Maryland, on a recovery support
study conducted by the Department of Defense Manager for Manned Space
Flight Opcrations. NASA requirements provided for the study were based on
two concepts of support. The “current concept” implied support requircments
similar to those required for the Gemin program. The other was the “future
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concept” which would be employed when sufficient reliability of spacecraft sys-
tems had been demonstrated. The *future concept™ would employ two recovery
zones (primary and secondary) as opposed to the four zones designated in the
“current concept.” Defense forces allocated to meet NASA requirements would
be significantly reduced under the “future concept.”

NASA, “AAP Weekly Progress and Problem Summary,” 26 April 1968.

A primary objective of the Apollo Applications reliability program would be to
identify all significant single failure point potentials of equipment for various
modes of operation. Single failure point potentials would be examined for each
mission, and a summary of single failure points would be prepared and kept
current. Supporting information from the Apollo program would be used to the
maximum extent possible.

AAP Directive No. 13, “AAP Failure Mode and Effect Analysis; Single Failure Point
Identification and Control,” 30 April 1968..

An AAP holding plan was implemented for the remainder of Fiscal Year 1968.
The plan was activated in order to maintain a reasonable balance in program
content while avoiding major cuts to work in progress. This action became
necessary because of funding restraints imposed on AAP.

Letters, Charles W. Mathews, NASA Hag, to Leland F. Belew, MSFC, Thomas W.
Morgan, KSC, and Robert F. Thompson, MSC, 3 May 1968.

A major goal of the AAP—to accelerate the cvolution of the utility of space
flights—required certain steps to achieve more effective and economical manned
space operations, while enhancing the value of information obtained during
orbital flights. Some of the more important steps required would be obtaining
data on the physiological qualification of man for extended duration in space;
providing adequate support systems which would allow man to maintain a high
degree of effectiveness; and determining efficient man-machinc relationships.

Speech, Charles W. Mathews, NASA Haq, to Socicty of Automotive Engincers, Inc.,
Space Technology Conference, “Apollo Applications-——-The Next Step in Man’s In-
vestigation of Space,” 8-10 May 1968.

Designers at MSFC increased the capability of the MDA to provide for crew
habitation and to perform certain biomedical experiments in the event the OWS
could not be made habitable after reaching orbit.

MSFGC, “AAPO Weekly Activity Report,” 22 May 1968.

NASA Hq described the purposes of the AAP-3A mission: (1) qualify man,
evaluatc his support requirements, and determine human task performance
capabilitics on long-duration manned space flight missions; (2) demonstrate the
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feasibility of reactivating a Saturn 1 OWS that has been left unattended in Earth
orbit for several months and reusing a Saturn T OWS as a base of operations
for the conduct of experiments in astronomy, science, applications, technology,
engineering, and medicine.

AAP Directive No. 14, “Flight Mission Directive for AAP-3A," 22 May 1968,

NASA Hg issued managemeat procedures to be followed for AAP experiments.
The procedures were divided into two phases: planning and implementation.
In the planning phase, paperwork reflecting the plans of the development, inte-
gration, mission operations, and launch operations centers for an experiment
would be submitted to the AAPO for compatibility assessment and implementa-
tion planning. The implementation phase would encompass all the activity
involved in the acquisition of experiment hardware, preparation of hardware for
flight use, performance of fiight operations, and disposition of experiment data.

AAP Directive No. 15, “Management Procedures for the Planning and Implementa-
tion of AAP Experiments,” 23 May 1968.

A LM/ATM Evaluation Board, established to make an in-depth review of the
planned LM/ATM module configuration and mission, issued its final report.
The Board review concentrated on the operational and programmatic aspects
related to use of ihe LM with the ATM. At a mecting held on 9 March, the
ATM experiment status was the subject of discussion, Principal Investigators
and the MSFC ATM Program Office representatives summarized progress on
cach experiment and on the total ATM package.

At meetings held on 15 16 March, presentations were made by MSC and
MSFC. MSC stressed the operational complexities of the dual-rendezvous, dual-
docking capability of the LM, extravehicular activity, crew training, and mission
critical sequencing. MSFC stressed the desirability of the cluster mission and,
while recognizing the problems of dual rendezvous, suggested that the system and
mission as configured was the best possible choice.

Final Report, LM/ATM Evaluation Board, 25 May 1968.

Center Directors Robert R, Gilruth (MSC) and Kurt H. Debus (KSC) approved
a joint memorandum of understanding on MSC KSC relations that laid down
guidelines and procedures for execution of Center responsibilities within areas of
mutual interest. The document thus sought to ensure an effective programmatic
interface between the two Centers and also provided for subsequent agreement,
spelling out in detail specific inter-Center policies and procedures.

MSCM 8010, “Program Managewment Guide,” 27 May 1968,

A review of the AM test program was held at MSC to examine the existing
baseline AM testing plan in terms of programwide AAP test requirements and
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guidelines. Participants included representatives from Headqua. ters, MSFC,
MSC, and the AM contractor, McDonnell Douglas. Spokesmen for McDonnell
Douglas recommended additional subsystem development testing, as well as
thermal-vacuum testing of airlock flight hardware (a recommendation being
evaluated by experts at both MSFC and MSC).

NASA, “Manned Space Flight Weekly Report,” 3 June 1968,

NASA released a new AAP launch readiness and delivery schedule. The schedule
decreased the number of Saturn flights to 11 Saturn IB flights and one Saturn V
flight. It called for three Workshops. One of the Workshops would be launched
by a Saturn IB, and another would serve as a backup. The third Workshop
would be launched by a Saturn V. The schedule also included one ATM.
Launch of the first Workshop would be in November 1970. Lunar missions
were no longer planned in the AAP,

NASA Hq Schedule, 14 January 1968.

NASA launched two Aerobee 150 sounding rockets from White Sands Missile
Range, New Mexico. The first rocket carried a Naval Research Laboratory and
University of Maryland payload to a 179-km altitude to flight test a design
verification unit of the high-resolution spectroheliograph pianned for use on the
ATM. The second rocket carried an American Science and Engineering, Inc.,
payload to a 150-km altitude to obtain high-resolution x-ray pictures of active
regions of the Sun during solar flare and general x-ray emission of solar corona.
The rocket and instrumentation performed satisfactorily, but the payload of the

first rocket failed to separate, thus preventing functioning of the parachute
recovery system.

NASA, “Peports on Sounding Rocket Launchings”; “Manned Space Flight Weekly
Report,” 10 June 1968,

An MDA task force, established in March to examine the ability of the MDA to
support the operation of critical medical experiments within 24 hours of ren-
dezvous and docking and to examine the feasibility of conducting selected Earth
resources and meteorological experiments, made recommendations which resulted
in baseline configuration changes to the MDA,

Docking ports 2 and 3 of the MDA would be deleted; four windows in the conical
section of the MDA would be deleted; and a viewport would be provided to
support unmanned rendezvous and docking.

Letter, H. T. Luskin, NASA Hg, to Leland F, Belew, MSFC, Thomas W. Morgan,
KSG, and Robert F. Thompson, MSC, “Status of MDA Task Force Activities,” 24
June 1968,

The 2.4-m-diameter tank tests at McDornell Douglas were nearing completion,
The test tank which consisted of a walffle-pattern wall structure, intcrnal insula-
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tion, and aluminum foil liner, st

quences to evaluate the ability of the materials and structure to withstand the

thermal loads under operational conditions. The tank would be shipped to
MSFC in July for outgassing tests,

wecessfully passed static firings and launch se-

NASA, “Manned Space Flight Weekly Report,” 24 June 1968,

An experiment review was held at MSC in January to determine what progress

had been made in the development of experiment hardware for the AAP. Some
key problems identified at the review were the following:

* There was no orgatuzed development on AAP medical and habitability
experiments,

* There was no existing
of medical and engineering ex

* Work statements had

program authority
periments,

not been prepared for the ex
of the experiments were not vet defined. On 27-28 Ju
review was held at MSC. Overall results of the revi
Progress on all experiment activity at MSC,
standpoint of overall motivation,

at MSC to initiate development

periment groups; many
Ne another experiments
ew indicated very slow
The status was critical from the

OMSF, History of the Apollo Applications Program, 1966 to | September 1968, pp.
2-21—2-24,

NASA Hq authorized
Douglas from 30 Jun
extension, MSC was to neg

a letter amendment to the A

recent
ring the total airlock effort beginning in August 1966,

TWX, George E. Mueller, NASA Hq, to Robert R, Gilruth, MSC, “Airlock Letter
Amendment to Contract NAS 9-6555," 5 July 1968,

Apollo Applications Program Managers met at Goddard Space Flight Center,

Among the items discussed were coordination and distribution of AAP directives,
delineation of management responsibilities, medical experiment support, and the
Wwaste management system for the Oows,

Memorandum for record, John H, Disher, NASA Hgq, “Summary of Discussions with
AAP Program Managers at GSFC,” 8 July 1968,

Martin Marietta, Denver Division, completed an E
compatibility analysis and an experiment conceptual
conducted in compliance with an MSC AAP payloa
period 16 January-30 June 1968, Rest
group of Earth resources experiments co
Orbital Workshop with only minimum

arth resources experiment

analysis. The analyses were
d integration task during the
ts of the study indicated that a selected

uld be integrated into the AAP-1/AAP-2
design impact,

Martin Marietta Corp., A4P Payload Integration Fing} Repore, 12 July 1968,
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The Post Apollo Advisory Commitiee, authorized by the NASA Administrator to
evaluate and make recommendaiions on post-Apollo space activities, issued its
report which confirmed the bas'c objectives of the AAP and played a deciding
role in its later evolution. The Committee, headed by LaRC Dircctor Floyd
Thompson, held meetings at MSF C, MSC, NASA Hq, and KSC on 25 January,
15 February, 12 March, and 25-26 March 1968, respectively.

Post Apollo Advisory Committee Report, 20 July 1968; memorandum, Robert F.
Thompson, MSC, to Dist., “Ad Hoc Studies of Alternate Apollo Applications Pro-
gram Plans,” 17 January 1968; letters, James E. Webb, NASA Hq, to F. L. Thomp-
son, MSC, Leland F. Belew, MSFC, and Thomas W. Morgan, KSC, “AAP 5, 6, and
7 Mission Definition,” 1 February 1968,

At NASA Hgq, movements were underway to select a new name for post-Apollo
manned space flight (AAP)-—one that would be more descriptive of the agency’s
real goals and objectives. At the Planning Study Group meeting, Douglas R.
Lord, Chairman of the Working Group on Extension of Manned Space Flight,
was asked to recommend a new name for NASA’s Earth-orbital flight program
of the mid-1970s. However, AAP Director Charles W. Mathews urged that the
name AAP be retained because NASA had a good deal invested in it. On 26
July, julian M. West wrote Lord recommending that NASA choose some other
nam- .o cover both AAP and an interim space base of the mic-1970s (dubbed
the “IOWS” program, for Interim Or'.ital Workshop). West urged that all such
names as “AAP,” “Workshop,” and “Extension of Manned Space Flight,” be
dropped because they did not accurately describe what he saw as “the major
goal-—manned space flight itself.” West voted for a name put forward by George
Trimble of MSC, “Space Base Program,” which he believed covered NASA’s
mid-1970s missions. “We arc establishing a foothold for man in space.”

Letter, Julian M. West to NASA Hq, Attn: Chairman of Working Group on Exten-
sion of Manned Space Flight, MTD, “Program Name for Post-Apollo Earth Oibitai
Flight Test Program,” 26 July 1968.

Agreement was reached on the availability and utilization of an acceptance check-
out equipment station at MSFC for the ATM. Availability of the acceptance
checkout equipment station would be contingent upon successful completion of
the Apollo program and the assumption that any contingencies that mnight arise
adversely affecting the Apollo schedule would also impact Apollo Applications
checkout need dates.

Letters, H. T. Luskin, NASA Hq, to Leland F. Belew, MSFC, 31 July 1968; Charles
W. Mathews, NASA Hgq, to Wernher von Braun, MSFC, 23 July 1968,

Following receipt of NASA direction to limit Saturn V production to \'chicle
315, MSFC began terminating production of engine hardware for the Apollo
and Apollo Applications programs. The action involved 27 H 1, eight F-{, and
three J-2 rocket engines.
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PART II: APOLLO APPLICATIONS PROGRAM

Letters, George E. Mueller, NASA Hgq, to James E. Webb, NASA Hgq, “S-1C Long
Lead Hardware Procurement Contract,” 3 June 1968: James E. Webb o George E.

Mueller, “Termination of the Contract for Procurcment of Long Lead Time Items for
Vchicles 516 and 517, 1 August 1968,

ATM film and camera storage during launch, throughout the mission, and during

recntry was reviewed. North American representatives covered the command
module’s capability for film return, and Grumman representatives discussed the

lunar module’s crew provision storage. Piincipal Investigators and MSFC ATM
personnel attended the presentation.

NASA, “Manned Space Flight Weekly Report,” 16 August 1968.

ATM experiments would be designeC 1o observe and record solar features or
regions of interest by using a variety of scientific instruments and reccrding
devices. Observations would be made over a wide range of energy wavelengths
in the form of both solar images and solar spectra. They would be preserved for
future study by recording them on photographic film or magnetic tape. These
experiments would provide new knowledge of the Sun, solar features, solar
phenomena, and the solar processes of energy rclease.

MSC, “ATM Mission Review,” 9 August 1968,

MSFC issued a request for proposals to design and develop an actuator system for
the ATM. The device, expected to weigh about 9 kg, would deploy the ATM’s
solar panels once the vehicle was placed in orbit and docked with the Workshop.

MSFC News Release 67-1 78, 12 August 1968,

McDonnell Douglas, Grumman, and Massachusetts Institute of Technology made
pres=ntations to MSC on an automated rendezvous study effort. It was the final
meeting of an ad hoc study group which agrced that automated rendezvous and
staticnkeeping were feasible and would not imposc severe hardware or operational
constraints. The MSC AAPO was preparing a report on the study results.

NASA, “Manned Space Flight Weekly Report,” 16 August 1968,

NASA issued a directive providing program standards for achieving uniformity of
terms, practices, and criteria to be used throughout the AAP in the generation of
nonconformance data that could be readily combined, compared, and assessed
for potential program impact,

AAP Directive No. 10, “AAP Noaconformance Reporting and Corrective Action,”
15 August 1968.

NASA announced award of a cost-plus-incentive-fee contract to Bendix Corpora-

tion to develop one prototype and five flight-model star trackers for the ATM,
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MSFC News Release 68-196, 26 August 1968.

MSFC informed MSC that Gene:al Electric Company had been awarded a
contract for “Human Engincering Criteria for Maintenance and Repair Study.”
The contract would yicld data directl; applicable to the AAP-2 and AAP—4
flights, as well as later missions. The underwater testing portion of the study
required the use of space suits, and it was felt that the most useful data would be
achieved if Apollo-type space suits could be used. MSC was requested to furnish
two suits for that portion of the study to be performed at Gereral Electric’s Valley
Forge, Pennsylvania, facility in October 1968.

Letter, J. O. Aberg, MSFC, to Richard Johnson [sic}, MSC, “Spacesuit support,” 28
August 1968.

NASA established policy for nonmetallic materials selection, control, test, and
evaluation in the AAP, emphasizing the importance of the nonmetallic materials
program and its relationship to crew safety and mission success. The directive
reflected a unified multicenter approach for obtaining maximum benefits from
nonmetallic tcchnology.

AAP Directive No. 16, “Apollo Applications Program Nonmetallic Materials Policy,”
29 August 1968.

MSFC Director Wernher von Braun performed a full-pressure suit test in the
Saturn I Workshop immersed in the Neutral Buoyancy Tank. He reported that
the upgraded scals used in the aft dome penetration sealing study were “very
good,” but recommended additional handholds and tether points,

-

Memorandum, W. Kuers, MSFC, *o D. S. Akens, MSFC, “Historical Data,” July-
September 1968.

Sceking a better balance between Apollo and AAP workloads, NASA Hq
authorized thc transfer of program development responsibility for the AM and
the LM/ATM fron. MSC to MSFC. This move represented a major shift in
AAP management and placed AAP design and integration ressonsibilities under
a single NASA center. Those responsibilities included not caty hardware design,
but also systems engincering, development testing, and integration to ensure
compatibility between flight hardware and ground support cquipment.

Memoranda, Charles W. Mathews, NASA Hgq, to James E. Webb, NASA Hgq, “AAP
Management,” 20 August 1968; James E. Webb to George E. Mueller, same subject,
10 September 1968: undated plan, “Delincation of Management Responsibilities,
Apollo Applications Program,” cosigned by Robert R. Gilruth, MSC, K. H. Debus,
AS8C, and Wernher von braun, MSFC.

An AAP experiment-intcgrated test program and requirements for a fit and
function test of experiment flight hardware were established. The program would
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provide firm need dates of cquipment keved to test dates rather than launch 1968
dates: limit the period of continuing engineering modifications and redesign;
verify the man and machine interfaces, using flight hardware well in advance of
the cquipment reaching KSC: and ensure availability of flight-qualified experi-
ments to support assigned missions.

September

Memoranda, H. T. Luskin, NASA Hq. to Dist., “AAP Experiment Flight Article Inte-
grated Testing,” 17 September 1968.

Supporting development work in AAP was climinated, except that of an urgent L4
or critical nature, such as the integrated medical and behavioral laboratory
measurement system. This reduction in program supporting development work

was the result of budget restrictions when available appropriated funds were

reduced from $32.0 million to $18.2 million for Apollo and AAP.

Letter, George E. Mucller, NASA Hgq, to Robert R. Gilruth, MSC, 17 Scptember
1968.

A preliminary design review for the ATM was held at MSFC. Working groups 23-26
composed of scientists, engineers, and astronauts covered specific arcas such as

pointing control, electrical and clectronic support equipment, n ission operations

requirements, mechanical and thermal considerations, instrumentation, communi-

cations, control and display equipment, crew station, experiments, and quality

and reliability during testing and manufacture.

Memorand..m, Robert F. Thompson, MSC, to Dist, 1 Scptember 1968 MSFC News
Release 68-221, 23 September 1968: NASA, “Manned Space Flight Weckly Report,”
7 October 1968.

MSFC and KSC officials agreed upon procedures for maintaining the capability October
to check out and launch the remaining Saturn 1B vehicle inventory. Their joint
recommendations included a phasedown on contractor activity following the
AS-205 launch;: deactivation of Launch Complexes 34 and 37 to allo maximum
storage of equipment and minimum maintenance on items remaining in place;
and continuance of KSC analysis of manpower required to support the AAP dual
launch requirement, with contractor participation at the carliest date.

Memorandum, K. H. Debus, KSC, to Dist, 2 October 1968: KSC, “Weekly Re-
port,” 18 October 1968.

A procedure that defined and detailed AAP inter-Center interface management 2
procedures and the operation of a repository for AAP inter-Center interface
control documents (ICD's) and interface revision notices was published.

Memorandum, Robert F. Thompson, MSC, to Dist., “AAP Intercenter 1CD Manage-
ment Procedure,” 2 October 1968; AAP Intercenter 1CD Management Procedure
Document No. IMP001, Scptember 1968.
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The AAP cluster as visualized by personnel of NASA’s Office of Manned Space
Flight in Washington in September 1968.

1968 MSFC was requested to proceed with the definition of a system to transmit tele-

vision from orbiting Apollo Applications spacecraft to selected Manned Space

Flight Network ground stations. Design of the system would include use of

8 equipment developed from previous programs and elimination of elaborate tests,
qualifications, and paperwork in its definition.

October

Letter, H. T. Luskin, NASA Hgq, to Leland F. Belew, MSFC, “An RF TV Link for
the AAP,” 8 October 1968.

8- A lunar module preliminary design review was held at Grumman. The review
indicated that an adequate basis existed for continued design and devclopment.
Some decisions on the LM which would requirc MSFC implementation were
simplification, rearrangement, and appropriate relocation of crew provisions,
restraints, and controls in the LM crew compartment and updating of plans and
specifications for the modifications.

Memorandum, Robert F, Thompson, MSC, to Dist., “Apollo Telescope Mount (ATM)
and AAP LM Preliminary Design Reviews (PDR’s)," 11 September 1968 NASA,
“Manned Space Flight Weekly Report,” 21 October 1968,

n In the transfer of the AM contract and its management responsibilities from MSC
to MSFC, agreements werc reached on the content of the work statement and its
appendices, contract-requircd plans, performance and configuration specification,
and list of government-furnished equipment. McDonnell Douglas was requested
to proceed with technical bricfings for MSFC prior to the formal transfer of
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management tesponsibility of the AM from MSC to MSF C. (See 10 September
entry.) Transfer of the technical management of the AM from MSC to MSFC
would become effectiye 1 December.

Letters, George E. Mucller, NASA Hgq, to Robert R. Gilruth, MSC, K. H. Debus,
KSC, and Wernher von Braun, MSFC, 1 October 1968; Robert F. Thompson, MSC

21 October 1968 ; TWX, Robert F, Thompson to Leland F. Belew, “Transferring
Technical Management of the Airlock Module Contract,” 2 December 1968,

teleprinter in AAP pacccraft. The plans would consider a teleprinter jn both the
AM and LM » @ teleprinter in the AM > & portable teleprinter which would be
used in either the AM or the LM.

Letter, H. T. Luskin, NASA Hq, to Leland F. Belew, MSFC, “A Teleprinter for AAP
Spacecraft,” 5 November 1968,

LC-37 was transferred from the Apollo Program Manager to the AAP Manager.
Among the Mmanagement functions transferred were chairmanship of the Apollo
Applications Launch Operations Panel, KSC cochairman of the Systems Inte-
gration Pnel, KSC senior member of the Mission Evaluation Panel, Configura-
tion Centrol Board chairman for Apollo Applications, direct interface with KSC
Design Engincering Directorate, and authority o validate performance apd
requirements specifications,

R. O. Middleton, KSC, and Thomas w, Morgan, KSC, to K. H. Debus, 28 October
1968, approved by K. H, Debus, 20 November 1968,

Letter, H. T. Luskin, NASA Hq, to Associate Administrator for Manned Space
Flight, “CsM Modification Requirements for AAP 2} November 1968,

MSC responded to a 4 October 1968 request from NASA Hq to further study
selected SLA modifications and a short MDA docking tunnel, MSFC asked
North American to study two cases involving SLA modifications. In both cases,
North American utilized the probe cover configuration:: (1) case I utilized a nose
cone, rocket jettison motor, a modified Apollo SLA, and the Apollo SLA ord-
Nance separation system; (2) case II utilized a lightweight segmented nose section
designed as an integral portion of a modified Apollo SLA. This case also used
the Apollo SLA ordrance separation system with a latery) jettison of the integral
nose section/SLA enclosure,
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Review of this study indicated that in either case, although both could be con-
sidered technically feasible, additional analyses would be required including
dynamic analysis (recontact), thermodynamic analysis, and modifications to
ground support equipment. MSFC had reexamined the possibility of shortening
the MDA docking tunnel, which would eliminate the need for a SLA modifica-
tion. Two constraining factors governing the modification were (1) sufficient
tunnel standoff distance from MDA pressure to assure no LM contact with the
MDA and (2) launch clearance between the MDA Port I cover and the interior
surface of the SLA.

It was felt that any compromises that would necessarily complicate the design and
operation of orbiting spacecraft hardware (MDA) as opposed to modification of
expendable (SLA) hardware would not be the best choice, and MSFC therefore
recommended that the “short tunnel” not be pursued further.

Letter, Leland F. Belew, MSFC, to H. T. Luskin, NASA Hq, “Payload Enclosure for
AAP-2 and AAP-4,” 21 November 1968.

Harold T. Luskin, Director of Apollo Applications in NASA Office of Manned
Space Flight, died in Bethesda, Maryland, of respiratory illness. He had joined
NASA in March 1968 and had become Apollo Applications Director in May.

NASA Special Announcement, 26 November 1968.

MSC awarded a contract to Allis-Chalmers Manufacturing Company to flight-
qualify the improved fuel cell electrical power system for AAP. The fuel cell
system had been developed under three previous contracts that began in 1962.
Under the present contract (to run through February 1970), Allis-Chalmers would
try to achieve fuel cell lifetimes of 2500 hours to ensure adequate margins to
satisfy 1500-hour manncd AAP missions. (See 18 Julv 1969 cntry.)

MSC News Release No. 68-83, 27 November 1968.
MSC awarded a two-year, cost-plus-incentive-fee support contract to TRW Inc.,
Redondo Beach, California, for mission trajectory control and spacecraft systems
analysis programs. The mission control part of TRW’s contract involved flight

trajectories and mission simulation, while the latter aspect encompassed systems
engineering and analysis of systems and subsystems aboard the spacecraft.

MSC News Release 68--86, 17 December 1968,

William C. Schneider was appointed NASA Director of the Apollo Applications
Program, succeeding the latc Harold T. Luskin. Schneider had formerly been
Mission Director in the Apollo Program and Gemini Program Director.

NASA News Release 68-217, “Schneider Heads AAP,” 18 December 1968,
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MSC awarded a contract to North American Rockwell, Downey, California, for 1968

preliminary design of modifications to the Apollo block IT command and service

> K L. Decomber
modules for use in long-duration AAP missions,

31
MSC News Release 68-88, 31 December 1968,

Installation and instrumentation of a 2.4-m-diameter tank in the MSFC vacuum 1969
chamber test tower for an OWS insulation liner outgassing test was completed.

The testing simulated part of the passivation phase of the AAP-2 mission to Janvary
evaluate the outgassing and heat transfer characteristics of the OWS insulation (]
liner and the resultant atmosphere and environment inside the Workshop. Testing

was performed by MSFC personnel with McDonnell Douglas test support

personnel making the outgassing measurements,

NASA, “Manned Space Flight Weekly Report,” 13 January 1969,

An AAP baseline configuration review was held at NASA Hgq. Attencees in- s
cluded the Center AAP Managers, the AAP Director, and key Center and
Headquarters personnel. Headquarters presented a new AAP-2 experiments list,

MSC and MSFC presented the weight status of the AAP missions, recommended

control weights for the modules, and proposed weight management systems. MSC

presented a status report on a joint study by MSFC and MSC of the stowage

list for the AAP flights and gave a status report on plans for AAP space suits

and space suit support.

Letter, William C. Schneider, NASA Hgq, to Robert F. Thompson, MSC, Leland F..
Belew, MSFC, and Thomas W. Morgan, KSC, “Minutes of AAP Baseline Configura-
tion Review Held January 8, 1969,” 13 January 1969,

A controls and displays review, the third and final one, was held at North 14
American Rockwell, Downey, with an astronaut review team in attendance,

North American gave a review of the major reorientation of the controls and

displays, and the significant systems modifications which occurred since the pre-

vious meeting. As a result of the three reviews, very little controls and displays

activities would be necessary at the command module and service modules

preliminary design review.

BT S o Py T S JULr 3 O . P

NASA, “Manned Space Flight Weekly Report,” 27 January 1969.

o P

A meeting was held at Martin Marietta, Denver, to discuss improvements to the 14-15
experiment integration requirements document in the areas of experiment test and

checkout. Representatives from KSC, MSFC, and MSC established a set of

guidelines and instructions that would identify the hardware flow plan and test

activity associated with the experiment integration and prelaunch phase. Martin

Marietta was directed to use the instructions for future issues or revisions to the

experiment integration requirements document,
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“Apollo Applications Test, Weekly Highlights Report,” 22 January 1969.

Management of the Saturn IB project and AAP-assigned spacecraft was trans-
ferred from the Apollo program to AAP. This transfer of management responsi-
bility included Saturn IB launch vehicles SA-206 through SA-212 and Saturn IB
unique spares and unique facilities. The Apollo program would continue to fund
the Saturn IB effort through FY 1969, except for that effort unique to AAP.
Beginning in FY 1970, the Saturn IB funding would be an AAP responsibility.
This transfer of responsibilities placed management of the Saturn IB project under
control of the program that would use it and relieved Apollo management of
some responsibilities, allowing more time for concentration on the mainline Apollo
program.

Letters, S. C. Phillips and W. C. Schneider, NASA Hgq, to Associate Administrator for
Manned Space Flight, “Transfer of Saturn IB Project Management to the AAP,”
15 January 1969: George E. Mueller, NASA Hg, to Robert R. Gilruth, MSC, 22
January 1969.

NASA reported that considerable progress had been made during the underwater
test program begun at MSFC’s neutral buoyancy simulator several vears earlier.
The program was providing information essential for design of the first U.S. space
station. Technicians, design engineers, and professional divers in space suits and
scuba gear were conducting tasks similar to those necessary to activate an orbiting
Workshop, in a 5300-cu-m (1.4-million-gal) tank containing mockups of the AAP
cluster elements (Workshop, Apollo telescope mount, solar observatory, and
airlock and multiple docking adapter), simulating weightlessness of space. Con-
clusions from the tests would be reflected in the Workshop's final design, with a
decision expected in May 1969.

NASA News Releasc 69—4, 15 January 1969,

Following six weeks of familiarization with the OWS, R. Walter Cunningham
made a number of recommendaticns for modification of its interior. Among these
were discontinuance of hardware developrient conceived to support the concept
of compression walking; elimination of a settee from the food management
compartment; discontinuance of any consideration of a cot for zero-g sleep
stations; simplification of firc extinguisher brackets; and discontinuance of devel-
opment of a cargo transfer device in the OWS and AM.

Memorandum, R. Walter Cunningham, MSC, to irector of Flight Crew Operations,
MSC, “Apollo Applications Program Orbital Workshop,” 20 January 1969.

MSC announced a reorganization of the AAPO in Houston: the Future Missions
Project Officc was redesignatedd the Command and Service Module Project
Office; the Program Control €)%ice hecame the fanagement Operations Office;
the Systems Engincering Off,  was redesignated the Enginecring Office; the Test
Operations Office became ©Tanufacturing .nd Test Office; the Mission Oper-
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MSC  Announcement 69-7, “Organizational Changes and Personnel Assignments
Within Apollo Applications Program Office,” 20 January 1969,

MSFC, “Weekly Activity Report for Two Weeks Ending 2-4-69,” 7 February 1969,

A meeting to discuss the feasibility of Space stations as the major post-Apollo
manned space flight Program was held at NASA Hq. Some comments from
attendees follow: '

Edgar M., Cortright, Director, LaRC

* The 1975 launch date would preclude major advances in technology at
the outset of the core space station,.

* A regenerative life Support system would be nceded for minimum
resupply.

* Replaceable rather than expendable units would require a new
philosophy.

* Too advanced missions should be avoided at the outset.

Abe Silverstein, Director, Lewis Research Center

* NASA must do initia] homework on size, weight, orbits, programs and
experiments, logistic support, power, and communications, These factors
would all need to be defined.

Wernher von Braun, Director, MSFC

* NASA should spell out the sciences, technology, applications, missions,
and research desired.

* NASA should define a 1975 station as a core facility from which the
ultimate space base can grow in an efficient orderly evolution through 1985.

Robert R. Gilruth, Director, MSC

* NASA should be looking at a Step comparable in challenge to that of
Apollo after Mercury.
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« Design should emphasize the utility of the space base as a waystation
to the Moon and Mars.

» Carge and passenger transfer without extravehicular activity should be
available.

+ The logistics vehicle support system should be decoupled from the
station-building launch capability at the outset. o

George E. Mueller, Associate Administrator for Manned Space Flight

o Perhaps the logistics shuttle system should be developed first, before
space station characteristics are decided on.

James C. Elms, Director, Electronics Research Center

« We should design for artificial gravity and maybe later use the space
station without it. You can easily decide to stop something you decided to
spin, but it’s a diode: you can’t later decide to spin something you didn’t
design to spin.

Extracts from NASA Administrator Thomas O. Paine’s “Notes Frota Meeting on
Space Stations,” 27 January 1969.

Development tests to verify the design concept of the chain drive mechanisms of
the ATM solar array system were completed. Preliminary data and operation
were very promising. This hardware would be utilized in assembly of a complete
solar array to be used for deployment testing.

NASA, “Manned Space Flight Weekly Report,” 3 February 1969; “Apollo Applica-
tions Test Weekly Highlights Report,” 29 January 1969.

MSFC definitized the existing letter contract with Martin Marietta for the
payload integration and systems engineering effort for AAP, as well as the control
and display console for the ATM. Estimated value of the contract was $98.2
million. The work, begun under letter contract in January 1968, would extend
through the end of November 1972 and covered AAP Flights 1, 2, 3, 3A, and 4.

MSFC News Release 69-43, 18 March 1969.

Director of AAP William C. Schneider emphasized the magnitude of procurement
actions for the program. He pointed out that “procurement actions for AAP
have in a sense pioneered a procurement philosophy that may be considered
unique. We scem to constantly seck new ways, or develop procurement methods
out of the ordinary to accomplish our changing program objectives. I am
determined . . . that procurement will not be a hindrance, but rather take the
lead in this effort. . . . I can foresee the need for even decper and quicker and
greater procurcment involvement over the next 12 months as the tempo of our
program increases.” Cchneider suggested that additional procurement personnel
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be assigned to meet the needs as AAP emerged from its formative stage into full
maturity.

Letter, W. C. Schneider, NASA Hgq, to NASA Director of Procurement, *“Procure-
ment Support for AAP,” 3 February 1969.

A meeting of the ATM Contamination Working Group was held at KSC,
Representatives present were from NASA Hgq, KSC, MSC, and MSFC. Experi-
ment Principal Investigators also attended. Items covered included real-time
contamination monitoring during thermal vacuum testing, thermal vacuum test
plans, optical degradation from vacuum chamber operations, and cluster effluent
studies. Several of the Principal Investigators expressed a desire for real-time
contamination 1ronitoring during thermal vacuum tests of the ATM. The Naval
Research Laboratory was trying to develop a monitor for the ultraviolet region
and was planning to submit an engineering change proposal to provide an ultra-
violet source for the tests. This would allow them to operate their instruments
and obtain data on their efficiency during such tests.

“Apollo Applications Test Weekly Status Report,” 12 February 1969; NASA,
“Manned Space Flight Weekly Repori,” 17 February 1969.

A preliminary design review for the AAP CSM mockup was held at Downey,
10-14 February. It followed an astronaut review of the mockup 4-6 February.
A total of 404 review item discrepancics, consisting mainly of detailed changes to
documentation and design, were identified. General satisfaction with the mockup
was expressed by the astronauts.

NASA, “Manned Space Flight Weekly Report,” 17 February 1969; brochure, Space
Division of North American Rockwell, “Apollo Applications Program Preliminary
Design Review CSM SD69-252,” undated.

Orbital Workshop solar array system preliminary requirements review presenta-
tions were made 4 February. On 5 February problem areas were discussed; no
major problems were identified. Primary areas of concern were time of deploy-
ment, from power and thermal considerations, and contamination of solar cells
after deployment. On 13 February the board convened to dispose of the accepted
requests for change. The only request for change of programmatic importance
was the need for a checkout of the solar array pointing system at the Sacramento
Test Operations Facility.

NASA, “Manned Space Flight Weekly Report,” 23 February 1969,

AAP Directer William C. Schneider, in a letter to MSFC’s AAP Manager Leland
F. Belew, said that Belew’s letter of 7 January 1969 reflecting the results of a
preliminary investigation to determine the feasibility of operating the Harvard
College Observatory's ultraviolet spectrometer experiment in an unmanned AAP

mode was interesting. Schneider said the preliminary results indicated the possi-
3
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1269 bility of only minor programmatic impacts to provide a fixed pointing position
capability during the aforementioned period and asked Belew to pursu€ i
minimal approach coordinating directly with the observatory. Schneider sug-
gested that MSFC should study ground support and Manned Space Flight Net-
work requirements and coordinate them with MSC. He further requested that
any significant impacts imposed on program costs, schedules, or performance as
a result of the implementation of the proposed operational change be brought to
his immediate attention.

Febrvary

Letter, William C. Schneider to Leland F. Belew, “HCO Proposal for Automated
ATM Operation,” 7 Februavy 1969.

12 NASA launched another AAP-related Aerobee 150 sounding rocket from White
Sands Missile Range. The rocket carried 2 Naval Research Laboratory payload
to 187.9-km altitude to record photographically 18 extreme ultraviolet spectra of

solar photosphere, chromosphere, and corona, using a flight design verification
unit of the high-resolution spectrograph planned for ATM-A and ATM-B.
Rocket and instruments performed satisfactorily.

NASA, “Report of Sounding Rocket Launching.”

18 An early test model of the ATM control computer was delivered by Bendix
Corporation to MSFC where it was undergoing performance tests. This was 2
preproduction unit and did not include all the functions that would be in the

flight version. The first flight unit was scheduled for delivery in September 1969.

MSFC, “AAPO Weekly Activity Report,” 24 February 1969; “Apollo Applications
Test Weekly Status Report,” 28 February 1969.

26 NASA announced it would ncgotiate with North American Rockwell for modifi-
cations to four Apollo spacecraft for AAP.

Letter, George E. Mucller, NASA Haq, to Robert R. Gilruth, MSC, 26 February 1969.

26 MSFC hosted an AAP medical experiments review attended by representatives
from NASA Hq, KSC, MSC, and MSFC. Purpose of the meeting was to discuss
the status of the development of medical experiments and to assess their ability to

meet program need dates. Medical cxperiments were being devcloped that would
provide flight hardware to support scheduled launch dates. However, flight
hardware would not be available to support fit and function tests of experiments
in the OWS or the MDA. Alternate methods would be investigated using flight
configured hardwarc rather than actual flight hardware to satisfy these test
requirements.

Letter, William C. Schncider, NASA Hag, to Robert F. Thompson, MSC, and Leland
F. Belew, MSFC, “Review of AAP Medical Experiments," 18 February 1969; “Min-
utes of Medical Experiments Meeting- ~-MSFC,” 23 February 1969; “Apollo Appli-
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cations Test Weekly Status Report for Week Ending February 26, 1969,” 28 February
1969.

Massachusetts Institute of Technology published its final report (R634 dated
February 1969) covering a series of eight software tasks that had been assigned to
them during the initial phases of AAP. Study results included a computer sub-
routine for CSM local vertical hold; a technique for performing differential CSM
Jet firings for more precise attitude control; and an autopilot, similar to the

present one, to control attitude during spinup, spindown, and reorientation for
the docked CSM/LM/ATM.

NASA, “Manned Space Flight Weekly Report,” 24 March 1969.

A review of some potential color application processes for the OWS was held at
MSFC with McDonnell Douglas. The prime contender for the exterior of the
OWS was a gold porcelain enamel. Other processes in development testing were
a teflon coating for the aluminum foil in the OWS interior and the application
of porcelain enamel or inicatex paint for other int-rior areas,

“Weekly Progress and Problem Summary for the Administrator-—Apollo Applications
Program,” 20 March 1969; NASA, “Manned Space Flight Weekly Report,” 24 March
1969,

An AAP bascline configuration review was held at NASA Hq. During the review,
MSC and MSFC presented the results of a study of the AAP backup and
alternate missions. MSFC led discussions on a proposed major design review and
presented results of a study on a flexible airlock module, the status of work related
to stowage problems, and a review of the cluster instrumentation and ccmmunica-
tions systems. MSC made a presentation on launch windows for the AAP
missions, gave a status report on a study of combining the AAP-3A and AAT—4
missions, and proposed deletion of the lunar module abort guidance system.

Letter, William C. Schneider, NASA Hgq, to Robert F. Thompson, MSC, Leland F.
Belew, MSFC, and Thomas W. Morgan, KSC, “Minutes of AAP Baseline Configura-
tion Review Held March 4, 1969,” 11 March 1969,

A series of ATM extravehicular activity neutral buoyancy tests were performed at
MSFC. Astronauts participated in both scuba gear and pressurized space suits,
Purpose cf the tests was to evaluate the performance and procedures for moving
film casscites to the two ATM work stations and to perform some of the tacks
requircd at these stations. Recommendations were made for the improvement of
most of the features evaluated. As a result of the tests, equipment and procedures
modifications were made.

MSFC Process Engineering Laboratory, “Neutral Buoyancy Simulator Daily Log,”
4 March 1969; “Weekly Progress and Problem Summary Report for the Administra-
tor—Apollo Applications Program,” 6 March 1969; “Apollo Applications Test Weekly
Status Report,” 6 March 1969; “Weekly Progress and Problem Summary Report for
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the Administrator-—Agpuilo ~\bplications Program,” 28 March 1969; “Apollo Appli-
cations Tes's Weekly Highlights Report,” 27 March 1969.

At Huntsville, representatives from Headquarters, MSC, KSC, and MSFC
conducted a preliminary requirements review of various crew equipment aboard
the Apollo Applications Program Workshop. The review constituted a significant
milestone toward establishing firm requirements for iter:s suct as the waste
management system, sleep restraints, and off-duty equipment for the crew. The
continuous search to reduce program costs led to elimination of the automatic
data management and optical verification systems and to simplification of the
water system aboard the craft. Also, the hygiene system vould be goverrment-
furnished equipment, and designers imposed strict limits on use of off-duty
equipment.

“Weckly Progress and Problem Summary for the Administrator-Apollo Applications
Program,” 14 March 1969 ; MSFC, “Weekly Activily Report,” 14 March 1969 ; NASA,
“Manned Space Flight Weekly Report,” 17 March 1969,

A test to evaluate the hydrogen-helium out~assing characteristics of the OWS
during passivation was conducted in the vacuum chamber at MSFC. Total
pressure and partial pressure were monitored ove: a 40-hour simulated passivation
period. Test reports indicated that all measurable traces of hydrogen disappeared
in four to six hours, while t:aces of helium remained throughout most of the
passivation period.

NASA, “Manned Space Fi'ght Weekly Report,” 10 March 1969.

During an AAP briefing at MSC, Deputy Mir_ctor of Apollo Applications John
H. Disher said *“. . . we are in manned flight today, in a position roughly com-
parable to that in 1910 for airplanes . . . and in 1910 or in 1909, it was the
well-known physicist of his day, Simon Newcomb, . . . who said anyone who thinks
that the airplane will sometime replace the train is out of his mind. . . . Disher
was describing AAP: what the progr: n was and what it planned to accomplish,

Text of Apollo Applications Program Briefing, John H. Dicher, NASA Hgq, 11 March
1969.

A definitive contract for pa, ! ad integration ia support of AAP was awarded to
Martin Marictta. In addition to systeins engincering and integration relating to
the payloads for each vehicle and the entir: cluster, Martin Marietta would
develop and fabricate the control and displays for t.e ATM. The major portion
of the work would be performed at Martin Marietta’s Denver plant,

NASA Hq News Re'ease 69-43, “AAP Support Contract,” 18 March 1969; letter,
William C. Schneider, NASA Hy, tc Deputy Associate Administrator for Manned
Space Flight, "Background Information on Martin and GE Support for the AAPQ,”
17 Merch 1969.
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The abort guidance system was deleted
guidance system during unmanned rende

the fact that the system provided only a partial backu
guidance system during unm
abort guidance systen: would

P to the primary navigation
anned rendezvous and docking. Deletion of the
esult in a cost savings of approximately $8.7 million.

Letters, Willian, C, Schneider, NASA Hg,

to Robert F, Thompson, MSC, “Deletion
of the Lunar Module Abort Guidance Syste

m as Backup to Primary Navigation Guid-
s and Docking,” 19 March 1969; William
- Thompson, Leland F, Belew, MSFC, and Thomas W,

eview,” 11 March 1969,

A meeting at MSFC examined design changes leadin

g to weight increases in the
OWS. The major changes were: a high

-performance installation on the forward

sentatives from NASA Hq, MSFC, M
Rockwell. The closing mechanism ap
warning criteriz would require additi

SC, Martin Marietta, and North American
pceed to be working well; the caution and
onal systems engineering attention,

NASA, “Manned Space Flight Weekly Report,” 7 April 1969; “Weekly Progress and
Problem Summary for the

A<"ministrator-—/\pollo Applications Program,” 4 April
1969.

As a result of the MSFC structural analysis meeting held at MSF C, the following
actions were planned in the AM/MDA test program: to increase loading ca-
Pacity, a small number of rivets would be changed to the next largest size in an
“I€a near the joint section; the structural test article vzould be shipped by Guppy,
arriving at MSC by 1 May; iategrated test preparations would begin at MSFC
during the first week in May, and static tests would start on 15 June.

NASA, “Manned Space FI
Summary Report for the
“Apollo Applications Te:

ight Weckly Report,” 7 April 1969;
Administramr-—Apollo Applications Pr
t Weekly Status Report,” 3 April 1969,

“Weekly Progress and
ogram,” 4 April 1969;

making measurements of the

atmosphere. The instruments
nsitions occurring in elements ionized in the vicinity
of the Sun’s surface—data contained in the ultraviolet and x-ray spectrum

absorbed by the Earth’s atmosphere.  Orbiting telescopes would also observe
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flares and regions of the corona hidden to Earth-bound telescopes or covered by
scattered light.

NASA Technical Note D-5020, “Scientific Experiments for the Apollo Telescope
Mount,” March 1969.

A critical design review of the Bendix Corporation cryogenic storage system was
conducted at Davenport, Iowa. The review item discrepancies were primarily in
procedures and documentation rather than in design adequacy. A NASA, North
American, and Bendix team was assigned acuion to update the process specifica-
tions, quality assurance controls, and buyoffs and to complete the qualification
test plan.

“Apollo Applications Test Weekly Highlights Report,” 9 April 1969; “Weekly Prog-
ress and Problem Summary Report for the Administrator—Apollo Applications Pro-
gram,” 10 April 1969; NASA, “Manned Space Flight Weekly Report,” 14 April 1969.

A small film canister, designed and fabricated at MSFC, was delivered to KSC
for flight test on Apollo 10. The canister, packed with a variety of photographic
film, would obtain information on the sensitivity of film to the thermal, pressure,
and radiation environment of space, in part equivalent to those which would be
experienced by the ATM in flight. The test would also complement ground
testing and theoretical analyses that were conducted to evaluate potential film
fogging in a space rnvironment.

“Weekly Progress and Problem Summary Report for the Administrator—Apollo Appli-
cations Program,” 10 April 1969; NASA, “Manned Space Flight Weekly Report,”
14 April 1969,

MSFC and MSC recently reorganized their AAP offices to reflect the realignment
of hardware development responsibilities within AAP. The MSFC AAP re-
organization created project offices for each spacecraft module, e.g., AM, LM,
and ATM. The MSC AAP reorganization was structured to include four
functional and two project offices.

Memorandum, Robert F. Thompson, MSC, to Dist., “Procedures for AAP Correspon-
dence to MSFC,” 7 April 1969.

An AAP mission requirements meeting was held at MSC. The following items
were among those on the agenda: weight and performance status; need for
buoyancy tests and additional ballast for AAP GSM which were heavier than
Apollo’s; and the proposal that a flexible scientific airlock be abandoned due to
wgh cost, .

“Weekly Progress and Froblem Summary Report for the Administrator—Apollo Appli-
cations Program,” 28 April 1969.
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MSC conducted a formal mockup review of the CSM-airlock tunnel interfaces to
establish detailed design requirements for all mechanical, umbilical, and electrical
interfaces. Technical reviews underway at North American Rockwell and MSC
included crew systems, fuel cells, and environmental control. North American
was ordered to proceed with the AAP SM configuration. The return battery
pack was deleted (batteries would be provided in the CM, and the fuel capacity
of the reaction control system would be enlarged from 545 to 1633 kg).

NASA, “Manned Space Flight Weekly Report,” 14 April 1969.

An ATM-acceptance checkout equipment mecting was held at MSFC. The
meeting ended with an informal concurrence on the content of an acceptance
checkout equipment inter-Center agreement. The agrement covered deactivation,
transportation, installation, and certification of satisfactory operation of the
MSFC acceptance checkout equipment station. It also covered the responsibilities
of each of the participating Centers (MSFC, MSC, KSC) with regard to the
design, modification, maintenance, operation, and software development of the

station.

“Apollo Applications Test Weekly Status Report,” 16 April 1969; MSFC, “Weekly
Activity Report,” 17 April 1969.

A meeting was held at MSFC with representatives of the camera manufacturers,
North American, Grumman, and MSFC to review ATM camera stowage and
handling and the CSM and LM stowage. The following areas were discussed
and assigned for further study: environment (thermal, shock, and vibration);
interface control documents for the cameras and carriers; LM and CM stowage
volume and weight limitations and their effect on camera configuration; and
camera extravehicular activities.

Memorandum, T. C. Winters, Jr., Naval Research Laboratory, to Dist., “ATM
Camera Coordination Meeting,” 16 April 1969; NASA, “Manned Space Flight

Weekly Report,” 5 May 1969.

A prenegotiation confcrence for the AM and OWS contracts was held at NASA
Hq. The most significant program changes concerned the following:

+ Delayed delivery of the backup hardware to conserve FY 1970 funds and

eliminate ground support equipment duplication.
« Deletion of acceptance testing for backup in the initial contract.

« Deletion of certain mockups and trainer updates.

NASA, “Manncd Space Flight Weekly Report,” 28 April 1969; “Weekly Progress and
Problem Summary Report for the Administrator—Apollo Applications Program,” 28
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MSFC issued requests for proposals for manufacture of solar arrays to convert
solar energy into electrical power to operate the OWS. The OWS would have
two wings covered with solar cells—a total area of 111 sq m. Each of the wings
would be composed of 120 sections. Together the wings would produce 12 000
watts to power the OWS. A preproposal conference on the requests was sched-
uled for 1 May at MSFC.

MSFC News Release 69-116, 18 April 1969,

NASA Hq recommended that the palatability of food and water be enhanced for
ionger duration manned flight. To accomplish this, a food development plan
would be directed toward the following objectives: utilization of more conven-
tional foods; resolution of stowage and preservation problems for inflight foods;
development of facilities to enable more conventional food preparation and eating
in space; and application of principles and practices alrcady utilized by the food
industry for commercial products.

Letters, William C. Schneider, NASA Hgq, to Robert F. Thompson, MSC, “In-Flight
Food and Water System for AAP,” 22 April 1969; William C. Schneider to Leland F.
Belew, MSFC, “In-Flight Food and Water Heating and Cooling Capabilitics for
AAP,” 22 April 1969.

Apollo Spacecraft Program Manager George M. Low advised Robert F.
Thompson, MSC Apollo Application Program Manager, of the problems the
Apollo program had encountered in caution and warning systems, saying that
“during the past two years, we have had caution and warning changes at nearly
every Configuration Control Board meeting.” Low said that from that experience
he had reached tk.. following conclusions: “(1) Caution and warning parameters
should be carefully selected and, when in doubt, the answer should be that the
parameter should not be on the caution and warning system. Only those param-
eters that could change rapidly (e.g., between two ground stations) and that would
require immediate action to avoid a catastrophic situation should be displayed on
a C&W system. (2) The caution and warning limits should be easily adjustable,
certainly up to the time of launch, and, preferably, even in flight. The settings
should be adjustable so that a limit could be opened up or closed down as the
need arises. (3) It should be possible to disable each individual caution and
warning system in flight.”

Memorandum, George M. Low to Robert F. Thompson, “Caution and warning sys-
tems,” 29 April 1969,

An OWS meeting was held at MSFC in an cffort to finalize the interior OWS
color. Flaking from exposure to the cryogenic tank temperatures precluded the
use of an otherwise acceptable MSFC developed paint. During the meeting a
presentation was given by McDonnell Douglas on coloring processes that were
technically acceptable for preinstallation applications. Green alodine was ap-
proved for the coloring process to be used for the aluminum foil fire retardant
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A payload integration management mecting was held

ver, with represen.atives from NASA Hgq, MSFC, and MSC. Emphasis of the
meeting was on Martin Marietta resources

assigned tasks, and impact of the Viking Project, if Martin Marietta were selected
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liner. Loewy and Snaith, Inc., was to

mended color scheme compatible with the green alodine foil liner.

MSFC, “Weckly Activity Report,

" 16 May 1969; NASA, “Manned Space Flight
Weekly Report,” 12 May 1969.

An AM arrived at MSFC for ground testing.
cluster. The AM would be joined to the M

AM would also condition environmental gases
management, intercommunications, and other services.

MSFC News Release 69-124, 1 May 1969; “Apollo Applications Test Weekly High-
lights Report,” 8 May 1969; MSFC, “Weekly Activity Report,” 8 May 1969; “Weekly

Progress and Problem Summary Report for the Administrator—Apollo Applications
Program,” 8 May 1969,

Acting on a suggestion made to him several months earlier by George E. Mueller,
Associate Administrator for Manned Space Flight, AAP Director William C.
Schneider established an AAP Software Board headed by Schneider and including
members from the manned space flight Centers, as well as NASA Hq. Such a
board, Schneider said, was needed so that AAP flight software could be developed
promptly and smoothly—and with an eye toward overall system implications.
Also, such a board would facilitate the task of coordinating software work between
the Centers. The board, said Schneider, would review software-related problems
and requirements and would afford an avenue for management visibility into the

software area comparable to that available for hardware-type problems at periodic
configuration reviews.

Letter, William C. Schneider to Leland F. Belew, MSFC, Robert F, Thompson, MSC,
and Thomas W. Morgan, KSC, “AAP Software Board,” 2 May 1969,

In response to a NASA Hq query regarding computer selection for the QWS
attitude control system, MSFC responded that several factors influenced the
decision to select an analog rather than a digital system. According to a thorough
technical and cost evaluation tradeoff study, the analog computer would save
half a million dollars, while providing required redundancy with less system

complexity. In addition, there was an associated weight and power saving of
27 kg and 160 W.

Letter, Leland F. Belew,
Attitude Control System (
tion,” 2 May 1969,

MSFC, to William C. Schneider, NASA Hq, “Workshop
WACS) Control Computer Selection and Electronics Loca-

at Martin Marietta, Den-

to continue the AAP, management of
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for it. A continuing review process had been employed by Martin Marietta to
correlate tasks assigned by MSC, MSFC, and Headquarters and to eliminate
redundancy and nonproductive effort.

“Weekly Progress and Problem Summary for the Administrator—Apo\lo Applications
Program,”’ 16 May 1969.

In reviewing the last three years of AAP—its changing objectives, late decisions,
experiment priority chifts—and in looking forward to the uncertainties of NASA
space flight after AAP, MSFC officials found it difficult to visualize that the
Office of Manned pacc Flight and the manned space flight Centers would be
able to carry out a program defined for an integrated OWS/ATM in 1972. A
major difficulty would be in keeping AAP from being continually impacted as
the leading edge of space station activity.

Letter, Leland F. Belew, MSFC, to william C. Schneider, NASA Hgq, “Impact Assess-
ment to AAP Core Program Due to OMSF Proposed Saturn V Dry Launched Self
Dependent Workshop with an Integrated ATM," 15 May 1969.

A payload shroud preliminary design review was held at MSFC. Representatives
from NASA Hgq, MSC, KSC, MSFC, Grumman, McDonnell Douglas, Martin
Marietta and Bellcomm, Inc., attended. Areas that reccived the most discussion
included access doors and platforms for on-pad servicing and checkout, acoustic
criteria-requirements and tests, and the functional subsystems interfacing with the
payloads.

“Apollo Applications Test Weekly Highlights Report,” 28 May 1969; MSFC, “Weckly
Activity Report,” 92 May 1969.

MSC Director Robert R. Gilruth cstablished a Space Station Task Group, headed
by Rene A. Berglund, to oversee the Center's various studies (both in house and
under contract) associated with the phasc B definition of a spacc station. These
studies were predicated upon a cuccessful AAP which was cssential for data in 2
number of areas of dircct implication for more claborate space stations: the
physiological effects of weightlessness for extended periods of time; demonstrated

formance capabilitics of the crewmen aboard the station; data on the long-
term habitability of the station; flight qualification of many new hardware
components (c.g., large solar arrays, control moment gyros, and molecular sieves);
and broad experience in logistical and orbital operations in general, including
crew transfers and resupply of scientific cquipment and consumables.

MSC Announcement 69..67, “Establishment of Space Station Task Group,” 21 May
1969.

At the Manned Space Flight Management Council meeting held at MSC, Asso-
ciate Administrator George E. Muecller sounded out the Center Directors and
AAP officials regarding program options facing AAP and the direction that the
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program should take. These options, discussed at length during the meeting,
derived primarily from the choice of a Saturn IB “wet” Workshop versus a
Saturn V “dry” Workshop (with several possible approaches for ATM and CSM
operation).

On 23 May, MSFC Director Wernher von Braun responded at length to
Mueller’s request for recommendations from the field. Foremost, von Braun
stated, AAP’s basic objectives (long-duration manned space flight and solar
observations) could be achieved within present resources and schedules (though
it would require some “hard-nosed scrubbing down” of current methods). Of
the several possible program options, the MSFC Director voted for the Saturn V-
launched “dry” Workshop. His recommendation derived from several factors.
A principal one was NASA’s astonishing record of success with the basic Saturn V
launch vehicle. Also, several important benefits derived from launching the
Workshop in a fully equipped configuration rather than using the Saturn IB’s
second stage:

* Because of greater weight carrying ability many experiments could be
carried that heretofore had been too heavy to be included,

* Great improvement could be made in the habitability of the Workshop.

* Some expendables could be offloaded from the proposed AAP-4 flight,
thus ensuring that the mission would remain within the Saturn IB’s payload
capability.

* Redundancy and spare components would enhance overall mission success
and reliability.

* The dry-launched Workshop allowed installation and checkout of all
Workshop equipment on the ground prior to lanuch, as well as eliminating the
complications of forcing the S-IVB stage to serve as a propulsive stage as well as
space laboratory.

In short, von Braun told Mueller, the Saturn V-launched Workshop offered “real
and solid” advantages without any attendant program perturbations. Such a
move he called an “organic and logical step for gaining experience” in long-
duration flight and said it would “allow us to qualify subsystems for the full-
fledged space station/space base.”

Three days later, MSC Director Robert R. Gilruth responded to Mueller and
voiced almost the same ideas. Gilruth, too, recommended that AAP adopt the
Saturn V Workshop concept, which was essentially the Saturn IB model launched
aboard the first two stages of the Saturn V. Thus, AAP would enjoy the luxury
of a “ready-for-use” vehicle of a much improved configaration. This latter
concept pointed to achievement of AAP’s basic objectives which remained un-
changed: 56-day missions, solar astronomy, and—an implied AAP objective—
carly space flights at minimum cost looking ahead toward NASA’s getting an
early go-ahead on the space station and the space shuttle programs during the
lattcr half of the 1970s,
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Letters, Wernher von Braun to George E. Mueller, 23 May 1969; Robert R. Gilruth
to George E. Mueller, 26 May 1969; J. M. West, MSC, to Robert R. Gilruth, “Ex-
tended AAP Flight Program,” 25 April 1969; Maxime A. Faget, MSC, to Robert R.
Gilruth, “A Study of Apollo Applications Program Using Saturn V Launch Vehicles,”

23 April 1969.

AAP baseline configuration review was held at NASA Hq. MSC and MSFC
presented a status report on weight of flight modules, measurement lists by
modules, plans for controlling the lists, and criteria for measurement selection.
KSC gave a report on the status of LC 34/37 equipment and facilities and plans
for getting them ready for AAP. MSFC presented the status of a joint MSC/
MSFC study of stowage on AAP-2, a status report on the caution and warning
system, and the current plan for LM/ATM extravehicular activity film exchange.
MSC reviewed plans for the development of mission operations documentation
and presented the results of a joint MSFC/MSC study on the use of the CSM
to rescue a malfunctioned LM /AT 4.

Letter, William C. Schneider, NASA Hq, to AAP Program Managers, MSFC, MSC,
and KSC, “Minutes of AAP Baseline Configuration Review,” 22 May 1969.

KSC hosted a meeting of the AAP Principal Investigators to familiarize them
with KSC facilities and equipment. Items covered included experiment time-
lining, ATM test and checkout, KSC AAP-4 vehicle flow plans, and quick-look

data systems.

NASA, “Manned Space Flight Weekly Report,” 2 June 1969; “Apollo Applications
Test Weekly Highlights Report,” 28 May 1969.

An OWS project management mecting was held at Huntington Beach. Repre-
sentatives from MSFC, MSC, NASA Hgq, and McDonnell Douglas attended.
A summary of McDonnell Douglas’ program status was presented, and immediate
program problems were discussed. Some of these problems were interface doc-
uments, preliminary design review requirements, MDA weight and volume
requirements, meteoroid shield icing, instrumentation, trajectory requirements,
ventilation and thermal control, mission support, and engineering mockup fidelity.

“Apollo Applications Test Weekly Highlights Report,” 28 May 1969; NASA, “Manned
Space Flight Weekly Report,” 2 June 1969,

North American Rockwell briefed MSC on recommended service module reaction
control system modifications to reduce system co.ts. The most significant of these
changes was a recommendation to reduce the number of propellant modulcs from
six to three as a means of cutting down the number of components in the reaction
control system, the manufacturing and checkout time, and the complexity of the

system,

NASA, “Manned Space Flight Report,” 26 May 1969; “Weekly Progress and Problem
Summary Report for the Administrator— Apollo Applications Program,” 28 May 1969.

162
ORIGINAL PAGE Ib
OF POOR QU

s A AN

o X

iy

i g fa

WA 1 A DRI N s

PREST

e L SR

e

e A i el e e




PART II: APOLLO APPLICATIONS PROGRAM

A spacecraft fire hazards meeting was held at MSC. Representatives attended
from Lewis Research Center, NASA Hq, Electronics Research Center, MSFC,
KSC, MSC, and the Air Force Manned Orbiting Laboratory Safety Office. Fire
hazard detection techniques and systems suitable for development for use on
spacecraft were discussed. Heat-sensitive, sniffer, radiation, radio-frequency,
mass-spectrometer, and pressure-rise detector methods were discussed.

Letter, P. T. Hacker, Lewis Research Center to Dist., “Minutes of May 27, 1969
meeting,” 23 June 1969,

The critical design review of the ATM control computer was held at MSFC. All
submodules of the flight module control computer, with one exception, were
reported as designed. An engineering model control computer was available for
examination at the review.

“Weekly Progress and Problem Summary for the Administrator—Apollo Applications
Program,” 12 June 1969; “Apollo Applications Test Weekly Highlights Report,” 11
June 1969; NASA, “Manned Space Flight Weckly Report,” 16 June 1969.

The DOD announced cancellation of its MOL Program. The program was
initiated in 1965 to advance the development of both manned and unmanned
defense-oriented space equipment and to ascertain the full extent of man’s utility
in space for defense purposes. Following MOL termination, NASA requested
that the MOL food and diet contract with Whirlpool Corporation and the space
suit development contract with Hamilton Standard Division, United Aircraft
Corporation, be transferred to NASA.

DOD Release 49169, 10 June 1969: TWXs, J. W. Scheer, NASA Hgq, to Robert R.
Gilruth, MSC, 10 June 1969; William C. Schneider, NASA Hq, to Robert F. Thomp-
son, MSC, 10 June 1969; Robert F. Thompson to William C, Schneider, 23 June
1969; George E. Mueller, NASA Hg, to James T. Stewart, USAF, 23 June 1969;
letters, Robert F. Thompson to Dist., “MSC Involvement in USAF’s MOL Program
Phaseout,” 11 June 1969; G. J. Vcecchietti to all Center Procurement Officers, * Termi-
nation of MOL Contract by USAF,” 1 July 1969; Robert F. Thompson to William C.
Schneider, “Termination of USAF MOL Program,” 2 July 1969.

KSC was examining alternate methods of nitrogen purging on LC-34 and LG-37
in order to reduce costs of line leakage during standby. Among alternatives being
studied were using dry air for purging lines since dry air could be used for purging
the payload shroud; starting up the nitrogen converter compressor facility rather
than purchasing gaseous nitrogen from suppliers; or tapping into the supply of
gascous nitrogen being supplied through pipeline in bulk form at low cost to
Launch Complex 39.

“Apollo Applications Test Weekly Highlights Report,” 11 June 1969; “Weekiy Prog-
ress and Problem Summary Report,” 12 June 1969.

North American Rockweil was dirccted to effect a three-month delay in the AAP
CSM critical design review and in the deiivery of flight spacecraft. The delay
was authorized in anticipation of pending AAP modifications.

163

1969
May

27

June

10

10-23

n




1969

June

20

23

SKYLAB: A CHRONOLOGY

TWXs, Robert F. Thompson, MSC, to William C. Schneider, NASA Hag, Leland F.
Belew, MSFC, and Thomas W. Morgan, KSC, “AAP Core Program Flight Schedule,”
19 June 1969; H. E. Gartrell, MSC, to L. M. Tinnan and R. K. Swim, (North Ameri-
can Rockwell), 18 June 1969.

NASA Hq informed MSC that it was of immediate jmportance in planning
future manned space flight programs to understand the extent to whick a
common CSM configuration could be used to satisfy the requirements for lunar
exploration, as well as for the AAP in conjunction with the Saturn V Workshop
and early support of the space stations. It was Headquarters’ desire that a
common CSM be evolved that could serve the purposes. Some compromise in
performance might be necessary for one or the other of these uses, but the
advantages of producing only one set of modifications should be great. MSC was
requested to institute a feasibility study by the Apollo Space Program Office and
Apollo Applications Program Office personnel, using North American personnel
as appropriate. Headquarters asked an initial appraisal of the concept by tele-
phore 23 June, and results of a more thorough assessment by 7 July.

TWX, George E. Mueller, NASA Hg, to Robert R. Gilruth, MSC, “CSM Configu-
ration for Lunar Exploration and AAP,” 20 June 1969.

In response to a TWX from NASA Hq (sce 20 June entry) Kenneth S. Klein-
kiecht and Robert F. Thompson of MSC talked to John H. Disher (NASA Hq)
at the suggestion of Apollo Spacecraft Program Manager George M. Low. Also
listening to the conversation were Robert V. Battey and Harold E. Gartrell of
MSC. (Low had suggested the call be made to William C. Schneider of NASA
Hg, but he was not available.)

Kleinknecht reiterated to Disher that from the beginning of both the AAP and
the Apollo Lunar Exploration Mission (ALEM) consideratior had always been
given to maintaining the maximum degree of commonality between the basic
CSM and those required for both programs without creating severe constraints on
the objectives of either mission.

Kleinknecht pointed out different rcquiremems"of the program and how they
clearly indicated some major configuration differences between AAP and ALEM:

« Long duration of the AAP mission.

« Backup reaction control system deorbit capability of AAP.

« Thermal characteristics of AAP missions because of long attitude holds.

« Use of batterics in lieu of fuel cells in the CSM (if the S» ' V Workshop
became a reality the GSM would be quiescent for long periods of time).

Kleinknecht added that “inasmuch as ALEM is still required to do lunar-landing
missions as well as collect orbital scientific data, we cannot tolerate any weight
penalties that may be associated with scar weights [weights incurred by using a
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common CSM for multipie missions with modification kits used for each mission,
and consequent weight in the basic CSM not usable for all missions] resulting
from commonality with the AAP vehicle. . . .” He also recognized that there
would be more commonality between the AAP and ALEM should the Workshop
become official because expendables could then be supplied to the CSM from the
Workshop rather than carried in the CSM. He added that about three and one-
half months had been spent in studying and defining the ALEM CSM, and a
major change to provide commonality with the AAP CSM would result in that
time being lost and at least threc and one-half months delay in the launch readi-
ness of the first ALEM mission.

Kleinknecht concluded that MSC agreed in principle with Headquarters in pro-
viding as much commonality as possible, but recommended that the 20 June
TWX from Headquarters be rescinded and that MSC not pursue a commonality
study with North American.

Four days later, MSC received another TWX from George E. Mueller (NASA
Hq) saying, “. . . it is our understanding that vou will continue your in-house
evaluation of the differences in requirements and the impact of these differences
on the configuration of CSM’s to support lunar exploration, AAP Saturn V
Workshop, and early space station missions. This further assessment should be
available for discussion by July 7 and will likely be presented to the Management
Council in executive session on July 8 or 9.”

Memorandum, Kenneth S. Kleinknecht to Manager, Apollo Spacecraft Program,
“CSM configuration for lunar exploration and AAP,” 23 June 1969; TWX, George E.
Mueller, NASA Hgq, to Robert R. Gilruth, MSC, “Ref: My June 20, 1969 TWX to
You Re. CSM Configuration for Lunar Exploration and AAP,” 27 June 1969.

A study was conducted to determine the feasibility of providing an artificial
gravity operating mode for a second GWS. Study results indicated there were
several areas of the OWS that would require unique configuration characteristics.
Among the areas of concern were antenna location and coverage; CSM /MDA
docking interface strength; reaction control system characteristics, propellant con-
sumption, and attitude control logic to maintain solar orientation in the face of
gravity gradient torques; ATM mounting and deployment provisions; and the
ATM solar array structure,

Letters, William C. Schneider, NASA Hgq, to Deputy Associate Administrator for
Manned Space Flight, “Artificial Gravity Using a Second Dry Workshop,” 1 July
1969; William C. Schneider to Robert F. Thompson, MSC, “Artificial Gravity Ex-
periment in AAP,” 22 August 1969,

A preliminary requirements review for an experiment support system was held at
MSC. The system was being developed by MSFC for MSC. It was designed to
provide fluids, electrical, and instrumentation support to a number of AAP bio-
medical experiments.
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1969 “Apollo Applications Test Weekly Highlights Report,” 2 July 1969; “Weekly Progress
and Problem Summary for the Administrator—Apollo Applications Program,” 3 July

July 1269.

8-9 The resulis of a dry OWS study effort performed by KSC, MSFC, MSC, and

major AAP contractors were presented to the Manned Space Flight Management
Council. The basic dry OWS configuration and associated cost and schedule esti-
mates resulting from the study were discussed and approved. The AAP Director
then presented the proposal to the NASA Administrator. (See 18 July entry.)

“Weekly Progress and Problem Summary for the Administrator—Apollo Applications
Program,” 11 July 1969.

9 A meeting was held at MSC to discuss a teleprinter system on the AM. MSFC
presented a system that would be compatible with the Manned Space Flight Net-
work and would utilize the digital command system. MSC presented a system
that would utilize the CSM voice link, tying into the onboard audio system and
not having to go through the enviro.menial control system to get input data to
the teleprinter. An evaluation of both systems would be made prior to making a
final recommendation on a teleprinter system for the AM.

MSFC, “Weekly Activity Report,” 29 July 1969.

n MSC terminated the development of the A9L space suit. The AL7 space suit,
used in the Apollo program, would continue in use until replaced by a flight-
qualified, constant-volume suit. During the Mercury program a modified version
of the Goodrich Navy Mark IV suit was used. In the Gemini program a modified
version of a suit developed by David Clark Company for the USAF was used.
Hamilton Standard had overall development responsibility for the Apollo suit and
associated portable life support system. A subcontract was awarded to Interna-
tional Latex Corporation for development of this suit. After suit development
was completed, the production contract was awarded to International Latex, and
the initial svit was designated ASL. The AGL design incorporated a thermal/
meteoroid garment. Following the Apollo fire, the suit was redesigned to elimi-
nace flammable materials and was designated A7L (designation ASL was never
used). Two hard-shell, constant-volume suits were under development, an extra-
vehicular suit was being developed by Litton Industries, and an intravehicular
suit was being developed by AiRescarch Corporation. Both of the latter would be
used in the Apollo Applications Program.

“Weekly 7 rogress and Problem Summary Report for the Administrator—Apollo Appli-
cations Program,” 11 July 1969; letters, John H. Disher, NASA Hg, to Director
Apollo Applications Program, “Synopsis of Space Suit Development for Manned
Space Flight,” 21 March 1969; William C. Schneider, NASA Hq, to Associate Ad-
ministrator for Manned Space Flight, “MOL Suit Development Control,” 11 July
1969.

1L A number of organizations were studying the possibility of zero-g showers for use
in manned space flight. In a letter J. Hall (LaRC), C. C. Johnson (MSC) relatei
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o

the following: 1969 |
“MSC has some excellent filnss of Jack Slight showering in the KC-135 at zero- duly ,

. :1
gravnty. k

“The motion pictures of Jack showering are quite revealing—not of Jack, of the
action of water at zero-gravity. . . . The interesting point is that the water strikes
Jack, bounces off in droplets, but then recollects as jelly-like globs on various

parts of his body. He can brush the water away but it will soon reattach
elsewhere.”

e e

Letter, C. C. Johnson, MSC, to J. Hall, LaRG, “Zero-gravity showers,” 15 July 1969.

Apello 11 was lavnched from Pad A, Launch Complex 39, KSC, with astronauts 16-24
Neil A. Armstrong, Michael Collins, and Edwin E. Aldrin, Jr., aboard. The

flisht went according (o plan, and the spacecraft and lunar module entered lunar

orbit three days later. On 20 July, at 1:11 p-m. EDT, Armstrong and Aldrin

separated the LM from the CSM and began descent to the lunar surface, landing

safely in the Sea of Tranquility at 4:18 p.m. They stepped onto the lunar surface :
later that day, becoming the first men ever to achieve this goal. Then followed ]
several EVAs, during which they collected samples, planted an American flag, :
and gained the first experience of man’s ability to perform duties in the one-sixth '
gravity conditions. They lifted off from the Moon in the ascent stage of the LM 3
21 July, rendezvoused and docked with the CSM, transferred their cargo to the
CSM, and started their homeward journey shortly after midnight 22 July, land-
ing safely in the Pacific Ocean 24 July.

Apollo {1 Missior Report, MSC 00171, November 1969,

NASA Administrator Thomas O. Paine approved the shift from a “wet” to a 8
“dry” Orbital Workshop concept for AAP following a review presentation by pro-

gram officials on the potential benefits of such a change. On 22 July, AAP Direc-

tor William C. Schneider ordered program managers at the three Centers to

implement the change, abandoning the idea of using a spent Saturn IB second

stage for 2 Workshop and adopting the concept of a fully equipped “dry” con-
figuration—with the ATM integrated into the total pavload—Ilaunched aboard a

Saturn V. Schneider ordered the Centers to reorient their restective programs, ‘
both in house and under contract, as necessary, to accommodate the new program [
plan. Among the actions required were

o s S R T L TR ST TN

* Termination of the letter contract with Grumman, since the LM would
no lenger be required to house the ATM.

* Termination of North American’s stop efforts with Allis-Chalmers Manu-
facturing Company for long-duration fuel cells and with Bendix Corporation for
the cryogenic tank system effort.

* Suspension of negotiations with North American for modifications to the
CSM for AAP, and the requesting of a reproposal in light of the lessened de-
mands on the spacecraft to meet AAP’s requirements.
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ontractual cflort on the Workshop itsclf, as well as the

1969 » Redirection of ¢
AM.

July . . .
« Redirection of minor contracts and
in-house eforts at the several Centers.

T P P LY 1)

procurements as requircd, as well as ,
:

T

as a result of the reorienta-

Several other elements of the program also changed
1ch vehicle

tion: AAP changed from five o four launches, since a scparate laur
was not required to launch the ATM; Laanch Complex 39 at KSC would be
required for AAP, although Complex 37 would not be needed. Althougt. hese
changes left basic program objectives unchanged, a sccondary objective of an un-
manned rendezvous between the LM/ATM and the cluster wz= eliminated.
Finally, the launch date for the first AAP flight was slipped from Nov. ...ber 1971

to July 1972.

oy

Letters, George E. Muecller, NASA Hag, to R -.ert R. Gilruth, M3C, 28 July 1969;
william C. Schrzilzr to MSC, Attn: Manager, AAP, “AAP PAD Change Request,”
29 July 1969, .ith a‘tachment, “PAD Change Request/Authorization,” 17 July 1969;
William C. Schneider to Assouiate Administrator for Manned Space Flight, “AAP
Contract Status Pending Saturn v Workshop Decision,” 8 July i969; TWXs, William
C. Schneider to Leland F. Belew, MSFC, Robert ¥. Thompson, MSC, and Thomas w.
Morgan, KSC, “Re-Orientation of AAP to Saturn V-Dry Workshop Integrated ATM
Configuration,” 22 July 1969; Robert F. Thompson to' Willlam C. Schneider, 24 July
1969; “Weekly Progress and Problem Summary for the Administrator—Apollo Appli-
cations Program,” 31 July 1969; MSFC, “Weekiy Activity Report,” 29 July 1969.

anel from NASA Hg, MSC, and North American
ent that North American would present for a joint
cept of a common approach for the
as scheduled for 6 August 1969.

18 A meeting at MSC with perso

Rockwell resulted in an agreem
review by the :Apollo and AAP offices its con

AAP and ALEM and CSMs. The meeting w

R T

The meeting generated much discussion on definition of “coramon CSM,” and
the following summarizes the general conclusions or represents added guidelines
arrived at following the meeting. (1) The real objective of achicving increased
commonality in CSMs was to find a means of reducing the cost of procurement-
modified spacecraft for both ALEM and AAP. In pursuing this objective, it was
agreed the state of completion of the spacecraft involved and the design status for
modifications must be carefully considdered (2) It was clear that in those areas
where the two programs had identical requircments, and schedule considerations

permitted, such requirements should be satusfied by cemmon design. Where re-
identical, but were not conflicting, the dssirability of com-

quirements werc not i
monality would ¢ determined on a case-by-case cost and schedule analysis. 3)

When reguirements were conflicting, it should pe determined i comproraises
could be achieved to rerove the confl itior: of a common

approach.

PR P . Y

icts and permit consider:

Those attending the meeting included William E. Stoney and Philip E. Culbert-
son of NASA Hq, Weslzy L. Hjornevik, Robert ¥. Tho.apson, and Kenncth S.
&C, and Dale D. Myers of North American.

Kleinknecht of
Men.orandum, Johr, V1. Disher and William E. Stoney, NASA Hg, to Samuel C. *hile
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Lps and William C. Schneider, NASA Hgq, “Common CSM meeting at MSC, July iB,
1969, 28 July 1969,

NASA formally announced the AAP project reorientation to the “dry” Workshop
configuration—both the fully outfitted Workshop and integrated ATM launched
aboard a single Saturn V (see 18 July). Program objectives for AAP remained
unchanged, however. The schedule called for first launch in 1972, The Wozk-
shop would be Placed in a circular orbit first. About a day later, the three-man
crew would ride aboard a Saturn IB into orbit to link up with the Workshop-
ATM cluster, thus beginning the manned portion of the mission.

NASA News Release 69-105, “AAP Orbita] Worlishop,” 22 July 1969,

NASA announced selection of two aerospace firms—McDonnell Douglas and
North American—to conduct phase B planning tudies of 12-man crbiting space
stations that could be developed by the mid-1970s. The parallel 11-month pro-
gram definition studies we, ¢ 3 prelude to even larger semipermanent space bases
during the later 19705 and 1980s.

NASA News Release 69-108, 23 July 1969

A critical design review was held on the two H-Alpha telescopes being provided
fco the ATM by Perkin-Elmer Corporation. Representatives from NASA Hg,
KSC, MSC, MSF C, Harvard College Observatory, and Naval Rescarch Labora-
tory attended. Except for the mechanical reticle subsystem, a requirement recently
added tc the telescope system, the Perkin-Elmer design appeared sound. Cnly
minor discrepancies were noted.

“Weekly Progress and Problem Summary for the Admir:ﬂtratnrh.'\pollo Applications

Program,” 1} August 1969; NASA, “Manned Space Flight Weehiy Report,” 11
August 1969,

MSFC was studying three options for the ATM pointing control system dry OWS
attitude control. Option one was basically the same ATM pointing control sys-
tem as previously configured, with an additional digital computer; option two
wes an ail-digital computer system; and option three was primarily digital, but
retained portions of the analog computer for ATM experiment pointing control,

“Apollo Applications Test Weekly Highlights Report,” 30 July 1969,

Acting on an offer made by the Defense Department to assign a number of astro-
nauts from the defunct MQL project to NASA, Associate Administrator for
Manned Space Flight George E. Mucller chose seven astronauts to augment
MSC’s flight crews. They were Karol J. Bobko, Charles G, Fullerton, Henry W,
Hartsfield, and Donald H. Peterson (USAF ); Richard H. Truly and Robert L.
Crippin (USN); and Robert F. Overmyer (USMC). The decision to utilize these
individuals, Muzller stated, derived from their extensive training and expericnce
on the MOL project and the important national aspece of future manned space
flight programs.

169

o s i

1969

July
22

23

29-31

30

August

ORIGINAL PAGE I8
OF POOR QUALITY

e m e b

T




1969

August

6-21

SKYLAB: A CHRONOLOGY

Letters, George E. Mucller, NASA Hq, to Robert R. Gilruth, MSC, 4 August 1969;
Robert R. Gilruth to Amil Rusk, NASA Hq. “Military detail of seven MOL astro-
nauts to the Manned Spacecraft Center,” 22 Auvgust 1969.

Fellowing the decision 1o implement the Saturn V dry Warkshop, LM-2 was the
only flight LM article to remain on Earth. Therefore, NASA Hq requested MSC
consideration for early disposition of it to the Smithsonian Institution as an arti-
fact of historical interest. Since it was expacted that the Smithsonian would ex-
hibit LM-2 as a replica of LM-5, Headquarters also requusted that MsC
consider refurbishment to provide a more accurate r~presentation of the LM-5
configuration before its transfer to the Smithsonian.

TWX, S. C. Phillins, NASA Hg, to MSC, “LM—2 Disposition,” 5 August 1969.

A neutral buoyancy chamber excrcise for the ATM was conducted at MSFC.
The purpose was to examine some extravehicular activity concepts under develop-
ment to determine theis validity for incorporation into the dry OWS configu-
ration. Crewmen were somewhat constrained and uncomfortable because, while
the suits were neutraily buoyant, crewmen inside the suits were not. The neutral
buoyancy €xercisc was {ollowed by an ATM extravehicular activity crew station
engineering review. It consisted of a suited and unsuited walk through evaluation
of the ATM film replacement work stations. Several modifications were
recommended.

Memorandum, T. C. Winter, Jr., Naval Research Laboratory, to Dist., “EVA Review
at MSFC on 20- 21 August 1969, 21 August 1960 “Weekly Progress and Problem
Summary for the Administrator—Apollo Applications Program,” 1+ August 1969 and
29 August 1969.

MSFC awarded a contract to Martin Marietta for the fabrication, testing, and
Yelivery of 15 Saturn V OWS rate gyro processors, i module test set, and the
cetrofit of 22 ATM rate gyro processers. The ratc gyro packages would fly on
the OWS and would provide precise attitude control of the OWS cluster, includ-
ing the ATM.

MSFC News Relcase 69-173, 7 August 1969.

A meeting at NASA Hq briefed ueorge E. Mucller, Associate Adininistrator for
Manned Space Flight, on problems comnected with Apollo/ Apollo Lunar Ex-
ploration Mission/ AAP. Attending the meeting were J. Bates, W. B. Bergen,
R. L. Carroll, E. R, Gross, G. W. Jefls, D. D. Myers, and L. M. Tinaan, all of
North American; P. £. Culbertson, J. H. Disher, A. J. Evans, C. C. Gay, Jr,
G. H. Hage, J. W. Hughes, G. F. Mucller, S. C. Phillips, J. F. Saunders, Jr., M.
Savage, W. C. Schneider, and J. B. Skaggs, ali of NASA Hg; and H. W. Dotts,
H. E. Gartrell, R. C. Hood, K. S. Klcinknecht, J. C. Shows, R. F. Thompson,
and H. P. Yschek, all of MSC.
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In a memorandum for record, Kleinknecht outlined the activities of the meeting. 1969
The first two parts of the briefing covering North American manpower projec-
tions for AAP and joint use of test vehicles and mockups showed there would be
a substantial reduction in required resources because of the decision to change
from the AAP wet Workshop to the dry Workshop. They had, in fact, reduced
. their mangower by 400 by 8 August 1969, based on a July 1972 launch readiness
' for the first AAP mission.

August

Kleinknecht noted a personal concern with respect to the “AP/ALEM schedules,
saying that AAP schedules were fluid and were being established before full defi-
nitior: of either the Workshop or the CSM. He said it was his understanding that
NASA was committed to a July 1972 AAP launch, but there was no contingency
in the schedule for problems or changes. “Experience has indicated,” he said,
“that, with such an approach, schedules cannot be met.”

The remaining parts of the briefing covered the subjects of AAP/ALEM com-
monality, CSM status and earliest effectivity of common configuration, and re-
furbishment of the command module for future reflight. Kleinknecht said these
subjects were very much related and the advisability of such an approach was
qQuestionable from both economical and technical considerations. Kleinknecht
added that Mueller’s line of questioning made it apparent that he was extremely
interested in the basic approach of providing a common Apollo spacecraft that
could be flown for either AAP or ALEM by incorporation of modification kits
which could be installed even after delivery.

Kleinknecht, in turn, presented MSC’s position that when you consider common-
ality there were twy areas of concern—economics and perfcrmance. Expanding
on this, he said: . . . we should consider the current design and manufacturing
status . . . what are the economical tradeoffs of delaying the spacecraft now for
unnecessary modifications versus providing commonality, with some later effectiv-
ity; and from the performance standpoint, what is the impact of commonality
weight on the service propulsion system propellant budget and its effect on getting
to some of the proposed lunar-exploration sites.”

Mueller also emphasized his interest in refurbishing and reflying as many as seven
command modules in support of the integrated plan. Kleinknecht again inter-
jected the concern of MSC with the technical aspects of refurbishment and re-
flight from the standpoint of structural degradation as a result of saltwater
corrosion.

Memorandum for record, Kenneth §. Kleinknecht, “Meeting with Dr. G. E. Mucller on
August 7, 1969, to discuss Apollo/ALEM/AAP commonality,” 26 August 1969,

MSFC definitized the existing contract with McDonnell Douglas for two Orbital ¢
Workshops for the Apollo Applications Programn, converted S-IVB stages to be
launched by Saturn V boosters. The contract was slated to run through July
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at the company’s plant at Hunting-

1969 1972, with most of the work to be performed
ton Beack, California. The first Workshop was tentatively scheduled for flight in
chicle if nceded.

Avgust . . . v e .
mid-1972, with the second article initially serving as a backup v
August 1969.

MSFC Contracts Office, “Mod 9 to Contract NAS 9--6535,” 8

at MSC. A status briefing was

12 A CSM technical management meeting was held
ymental control clectric power

given by North American Rockwell on the envirot
profile, telccommunications, and the service module reaction control system.
MSFC agreed to investigate the (oneept of a thermal barrier between the CSM
and the MDA located inside the MDA docking port. The barrier would isolate
the CSM from the OWS atmosphere, thereby reducing condensation and heater

power in the CSM.
20 August 1969; “Weekly

st Weckly Highlights Report,”
r—Apollo Applications

“Apollo Applications Te
t for the Administrato

Progress and Problem Summary Repor

Program,” 25 August 1969: MSFC, “Wrekly Activity Report,” 22 August 1969.

13 “unctional and environmental development tests were performed on the ATM
control, and optical subsystems. The

H-Alpha telescope zoom lens, temperature
d during vacuum t

tronics subsystem w
ticle subsystem to therma'-vacuum

csting and was being reworked. Ata
ould be subjected to temperature
and vibration tests.

zoom lens subsystem faile
later date, the camera clec
tests, and the mechanical re
' 13 August 1969.

“Apollo Applications Test Weekly Highlights Report,’

livery and launch schedules, further altering the pro-
aturing

and fiscal climate, as wellasam
ven Saturn IB and two

13 NASA Hq revised AAP de
ht of both changing resources
‘The new schedule called for se

Workshop slated for July 1972.

gram in lig
of program plans per s¢.
Saturn V launches, with flight of the first

No. A, “Apollo Applications

13 August 1969: AAP Directive
1 Speci-

NASA Hgq Schedule,
19 August 1969 Apollo Applications Progran

Program Work Authorization,”
fication, 15 August 1969.

as held at the Electronics Rescarch Center,

ral Flectric Company of a
inuous-

Mt fire hazards meeting W
ation was given by Gene
Walter Kidde and Company of a cont
ations of personnel attending the meet-
¢ be considered as a backup overheat
re fire detector be con-

14 A spacecrd
Massachusetts. A demonstr
condensation nuclei counter and by

fire detector. Preliminary recommend

ing were that the condensation nuclei counte
and fire detector for spacecraft and that the continuous-wi
¢ dered as a primary overheat and fire detection systent.

wire

“Minutes of August 14, 1969, Creecraft Fire Hazards Steering “ommittee,” 9 Sep-

tember 1969.

n MeDonnell Douglas Corporation, under contract to MSC, submitted an cight-

volume final repurt on @ “Big G study.

172

S

s

Ko .-




INSULCORK
ACCESS DOOR
TUNNEL g

CREW MODULE
MATING RING

TANK AND
EQUIPMINT
SUPPORT BEANS -

Three features of the Mec-
Donnell Douglas “Big
G” study, performed
under contrac. ‘¢ MSC,
are shown here, For
additional  information
on the proposed sys-
tem, see the 21 August
1969 entry.  Graphics
supplied by McDonnell
Douglas,

MECHANISM

Blo u/TWIN KEEL
PARAWING

ot e s

i i il o




1969

August

22

SKYLAB: A CHRONOLOGY

The study was performed to generate a preliminary definition of a logistic space-
craft derived from Gemini that would be used to resupply an orbiting space
station. Land-landing at a preselected site and refurbishment and reuse were de-
sign requirements. Two baseline spacecraft were defined: a nine-man minimum
modification version of the Gemini B called Min-Mod Big G and a 12-man ad-
vanced concept, having the same exterior geometry but with new, state-of-the-art
subsystems, called Advanced Big G. Three launch vehicles—Saturn IB, Titan
I1IM, and S-IC/S-IVB—were investigated for use with the spacecraft. The
Saturn IB was discarded late in the study.

The spacecraft consisted of a crew module designed by extending the Gemini B
exterior cone to a 419-cm-diameter heat shield and a cargo propulsion module.
Recovery of the crew module would be effected by means of a gliding parachute
(parawing). The parametric analyses and point design of the parawing were
accomplished by Northrop-Ventura Company under a subcontract, and the con-
tents of their final report were incorporated into the document. The landing
attenuation of the spacecraft would be accomplished by a skid landing gear ex-
tended from the bottom of the crew module, allowing the crew to land in an up-
right position. The propulsion functions of transfer, rendezvous, attitude control,
and retrograde would be performed by a single liquid-propellant system, and
launch escape would be prcvided by a large Apollo-type escape tower.

In addition to the design analyses, operational support analyses and a program
development plan were prepared.

The summary report acknowledged the cooperation of NASA Centers and com-
panies that provided technical assistance duiing the study. Principal contributors
were MSC, MSFC, KSC, AC Electronics Division of General Motors Corpora
tion, Bell Aerosysteme Company, Collins Radio Company, JRM’s Federal Systems
Division, Kollsman Irstrument Corporation, Amecom Division of Litton Systems,
Inc., The Marquardt Corporation, Denver Division of Martin Marietta Corpo-
ration, Government Electronics Division of Motorola Corporation, Rocketdyne
Division of North American Rockwell Corporation, Space Craft, Inc., Science
and Technology Division of TRW Systems Group, and Hamilton Standard Sys-
tem Center of United Aircraft Corporation. ;

McDonnell Douglas Corp. Report H321, Big G Final Report, Logistic Spacecraft
System Evolving from Gemini, Volume I—Condensed Summary, 21 August 1969.

With the AAP work at Grumman canccled, NASA Hq directed the transfer of
acceptance checkout equipment station number three from Grumman to MSFC.
MSC would update thc Grumman station to the same general configuration as
KSC station number six, including documentation, and would make available to
MSFC peripheral equipment not available from Grumman.

Letter, George M. Low, MSC, to §. C. Philiips, NASA Hq, “Availabilitr .\f ACE-s/c
station and associated peripheral GSE for ATM,” 5 August 1969: TWX, 8. C.
Phillips to MSC, MSFC, and KSC, 22 August 1969.
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Discussions were held to determine the feasibility of achieving common command
and service modules for use both in lunar exploration and for the OWS. The
consensus was that the differences between the lunar and Earth orbital require-
ments were so significant that they precluded a completely common configuration.

TWXs, George E. Mueller, NASA Hgq, to Robert R. Gilruth, George M. Low, and
Robert F. Thompson, MSC; William C. Schneider and §. C. Phillips, NASA Hgq, to
George M. Low and Robert F. Thompson, MSC; memoranda, Kenneth S. Klein-
knecht to George M. Low, 23 June 1969; John H. Disher and W. E. Stoney, NASA
Hq, to William C. Schneider and S. C. Phillips, 28 July 1969; note, John H. Disher
to William C. Schneider, 24 June 1969; memorandum for record, Kenneth S. Klein-
knecht, 26 August 1969,

An OWS habitability Support system preliminary design review was held at
MSFC. Representatives from NASA Hq, MSFC, KSC, MSC, and McDonnell
Douglas attended. '1'he investigators, astronauts, and industrial design consultants
emphasized their desires for a more comfortable environment than would have
been possible in the wet Workshop configuration.

N/SA, “Manned Space Flight Weekly Report,” 8 Scptember 1969 ; “Apollo Applica-
tions Test Weekly Highlights Report,” 3 September 1969,

A preliminary requirements review of the OWS CSM flight systems was held at
Downey. Discrepancies were discussed, and follow-up actions assigned. A num-
ber of technical requirements impacting the CSM were not adequately resolved
and would require extensive coordinated study between MSFC and MSC.

“Apollo Applications Test Weekly Highlights Report,” 3 September 1969.

KSC officials and AAP managers recommended to the Manned Space Flight
Management Council that the Saturn IB AAP launches take place from LC-37
rather than LC-34. They were incorporating the recommendation into the latest
Program operating plan proposals. If the recommendation were accepted, LC-34
would be partially deactivated and placed in a “down-mode” condition.

Letter, Thomas W. Morgan, KSC, to William C, Schneider, NASA Hgq, 8 August
1969; TWX, Thomas W. Morgan to Robert F. Thompson, MSC, Leland F. Belew,
MSFC, W. Teir, MSFC, and William C. Schneider, “LC 34/37 Operations,” 28
August 1969,

MSFC requested McDonnell Douglas and Martin Marietta to develoo prelimi-
nary design and cost data on a number of OWS system elements that were pre-
viously planned for in-house development.  Among these were fixed payload
shroud, oxygen, and nitrogen bottle installation; cooling of the ATM control and
display; deletion of the scientific airlock; design and fabrication of the solar array
system; installation of experiments; and MDA inte~ ation and checkout,

“Weekly Progress and Problem Summary for the Administrator—Apollo Applications
Program,” 29 August 1969,
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A meeting was held at MSFC that provided the ATM Principal Investigators an
opportunity to express their desires regarding experiment operation during un-
manned periods of the ATM OWS mission. AAP perconnel from NASA Hg,
MSC, and MSFC, as well as ATM Principal Investigators, attended. The in-
vestigators felt strongly that their early participation in program decisions that
affected experiments would permit a much more effective experiment program
without significant budget or schedule changes.

Letters, G. Newkirk, Jr., High Altitude Observatory, to George E. Mueller, NASA
Hq, 25 July 1969; George E. Mueller to G. Newkirk, Jr.,, 28 August 1969; unofficial
minutc. of the September 3 ATM Principal Investigator’s meeting, 10 September
1969.

The critical design rev :w on the ATM charger battery regulator module was
held with satisfactory results. Nun.erous tests on the module components were
conducted. An engineering prototype was undergoing thermal cycle, charge, and
discharge test.

MSFC, “Weekly Activity Report,” 11 September 1969.

Apollo documentation would be used as the initial baseline documentation for
AAP. As AAP progressed, supplements or addenda would be prepared to meet
AAP-p=culiar requirements.

TWX, H. E. Gartrell, MSC, to G. W. Jeffs, North American, W. C. Schneider, NASA
Hq, et al., “Contract NAS 9-9224, AAP Documentation,” 5 September 1969.

The objectives, constraints, and guidelines for a second OWS were stated in gen-
eral terms along the following lines:

« OWS would reflect the same physical features and capabilities exhibited
by the initial Workshop and would use the flight hardware to be procured =s
backup for the furst Workshop missions.

o Crew ccmplement would consist »f threc men (at least one scientist
astronaut).

+ Operating life would be 12 to 24 months, nominaly continuovsly manned.

« Onrbital altitude would be in the range of 390 to 500 km at un inclination
up to 55°.

« Orientation would be inertially stabilized for solar arrays in cither a solar
or X-POP (the X-axis pe.pendicular in orbital plane) mode and would perinit
cxperiment pointing for solar, stellar, and Earth survey obsarvations.

o Experiment development schedules would be consistent with an carly FY
1974 launch of the OWS.

« Some period of time during the mission would be devoted to experimental
artificial gravity operations.

« Planning would utilize currently developed hardwar : to the maximum ex-
tent practical {o reduce cost, and consideration would be given to approaches that
permit significant cost reductions in payload development.
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* Payload clements would emphasize the experimental fucility approach (in 1969
contrast to individual experiments) to the maximum extent possible.

* FY 1970 and 1971 funding requirements would be minimized consistent
with realistic resource requirements to meet an early FY 1974 launch date.

September

Letter, William C. Schneider, NASA Hg, to Managers, Apollo Applications Program
at MSFC, MSC, and KSC, “Preliminary Mission Definition and Program Planning for
the Second Saturn Workshop,” 5 September 1969; memorandum, H. E. Gartrell,
MEC, to Dist., “Second Workshop Mission Planning Task Force,” 26 September .969.

AM simulation test plans were reviewed by MSFC and McDonnell Douglas rep- 10
resentatives at MSFC. It was agreed that MSFC would do minor hardware
modifications and that McDonnell Douglas would deliver modification kits on

major changes to MSFC for installation. McDonnell Douglas would support the

various development tests as observers and would participate in the tests when

requested by MSFC. Close liaison would bs maintained between MSFC and

McDounell Douglas design engineers so that one-g, neutral-buoyancy and zero-g

trainers would reflect the current design configuration of the AM.

NASA, “Manned Space Flight Weekly Activity Report,” 22 September 1969; MSFC,
“Weekly Activity Report,” 22 September 1969,

An OWS test planning meeting was conducted at McDonaell Douglas with rep- 10-11
resentatives from MSFC, KSC, NASA Hgq, and McDonnell Douglas. The dis-

cussion covered the tests to be conducted on all systems of the Workshop flight

item except the habitability support systems. A significant roint in the general

plan was that experiment equipment would he delivered to McDonnell Douglas,

installed, and checked out, so that a completely integrated and checked out mod-

u's would be delivered to KSC. The checkout sequence would include inverting

the Workshop of the module to evaluate the crew quarters and experiment hard-

ware in a simulated orbital configuration, as well as a launch configuration.

“Apollo Applications Test Weekly Status Report,” 19 September 1969,

Two major directions were identificd for manned space flight in the next decade. n
These were further exploration of the Moon, with possibly the establishment of a

lunar surface base, and the continued development of manned flight in Earth or-

bit, leading to a permanent manned space station supported by a low-ccst shuttle

system. To maintain direction, the following key milestones were proposed:

1972—AAP operations using a Saturn V launched Workshop
1973—Start of post-Apolls lunar exploration
1974—Start of suborbital flight tests of Earth to orbit shuttle

—Launch of a second Saturn V Workshop
1975—Initial space station operations ORIGINAL PAGE IS

—Orbital shuttic flights OF POOR QUALITY

1976—Lunar orbit station
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—Full shuttle operations
1977—Nuclear stage flight test
1978—Nuclear shuttle cperations—orbit to orbit
1979—Space station in synchronous orbit
By 1990—Earth orbit space base
—Lunar surface base
—Possible Mars landing

Letter, George E. Mueller, NASA Hgq, to Robert R. Gilruth, MSC, 11 September
1969.

The change in AAP from the wet to the dry OWS substantially improved the
probability of mission success and crew safety. Some of the hardware and opera-
tional improvements contributing to crew safety were increased payload capabil-
ity, which would reduce risks from submarginal booster performance; launching
the ATM as an integral part of the OWS, thus eliminating an extra launch that
involved a complex and operationally difficult unmanned rendezvous and dock-
ing; standardizing the three manned launches, using proven software and training
techniques, thereby reducing some of the risks associated with new operational
phases and missions; and the powering down of the CSM to a quiescent state
during the orbital period of operation, with a consequent reduction in wearout or
limited-life failures.

Letter, William C. Schneider, NASA Hgq, to Acting Director Manned Space Flight
Safety, “Semi-Annual Report on NASA Safety Efforts,” 16 September 1969.

An ATM control moment gyro was subjected to thermal-vacuum, vibration, and
electromagnetic interference development environmental testing. Tests indicated
that, with proper insulation, no major problems existed in the thermal-vacuum
area. However, with the extended requirements for the OWS, command moment
gyro actuator lifetime was a concern. In addition to converting to a wet iubricant
system, Bendix Corporation and Battelle Memorial Institute, Columbus, Ohio,
were asked to study other steps that might be taken to ensurc a 300-day lifetime
for the control moment gyro actuators.

“Weekly Progress and Program Summary Report for the Administrat ;r—Apolln Appli-
cations Program,” 22 September 1969; “Apollo Applicativns Test Weekly Activity
Report,” 22 Scptember 1369; NASA, “Manned Space Flight Weekly Report,” 2?
September 1969.

An AAP test planning meeting was held at KSC. Representatives from KSC,
MSC, MSFC, and NASA Hq attended. Purpose of the meeting was to review
the status of factory acceptance test plunning for all modules, the preliminary
CSM interface test requiremer : at KSC, and the KSC planning pertinent to
conducting AAP integrated module tests. Open issues that would require resolu-
tion includea fight experiment delivery dates, flight ATM control and display
availability for integration into the MDA and compatibility for integration inw
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the MDA, and compatibility of flight and prototype ATM delivery dates to sup-
port KSC checkout and integrated module test need dates.

“Apollo Applications Test Weekly Status Report,” 25 September 1969; MSFC,
“Weekly Activity Report,” 23 S :ptember 1969; “Weekly Progress and Problem Sum-
mary for the Administrator—Apollo Applications Program,” 1 October 1969; KSC,
“Weekly Progress Report,” 24 September 1969.

A technical managemert review of the (CSM caution and warning systeni was
conducted at MSC. Among the topics discussed were caution and warning pa-
rameters, the effect of providing memory and inhibit capability, and the cluster
interface. About 15 parameters would be monitored by the caution and warning
system, a significant decrcase from previous estimates. It appeared that ground
monitoring would be adequate for the deleted parameters.

NASA, “Manned Space Flight Weekly Report,” 29 September 1969; “Weekly Prog-
ress and Problem Summary for the Administrator—Apollo Applications Program,”
1 October 1969.

A preboard preliminary requirements review was conducted at MSC. Among the
topics discussed were the following:

« MSC agreed to revise the loading requirements and send nearly all food
on the AAP-1 launch.

» Food loading time on AAP-2 was moved back from 7 days before launch
to =bout 30 days before launch.

e Preconditioning temperatures for loading the food were relaxed.

« Some of the tolerances on food constituent accuracy and temperature con-

trols were relaxed.

“Weekly Progress and Problem Summary for the Administrator—Apollo Applications
Program,” 3 Ociober 1969.

An ad hoc group to formulate plans for defining a second OWS met at MSFC.

"he agenda included geals, constraints, guidelines, payloads, justification for the
mission, output, schedule, work plan, and responsibilities for the definition ac:ivities.
Tradeoffs between mission content and launch date, budget levels, and long-iurm
evolnticn of manned space flight were some of the issues discussed.

“Weekly Progress and Problem Summary for the Administrator—Apollo Applications
Program,” 3 October 1969. e

A meeting on the habitability support system and crew quarters layout was held
at McDonnell Douglas. Representatives from NASA Hgq, MSC, MSFC, and
Loewy and Snaith, Inc. attended.  McDonuell Douglas proposed an active,
closed-loop cooling system to provide for food refrigeration, water chilling, and
urine freezing capability. The proposed system would require less power than the
existin,” system and would climinate waste heat inputs to the Workshop atmos-
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phere. Agreerment was reached on ways of impreving crew comfort and con-
venience; however, implementation would depend on the results of tradeoff
studics on cost, schedule, and technical factors.

NASA, “Manned Space Flight Weekly Report,” 13 October 1969; “Weekly Progress
and Problem Summary for the Administrator—Apollo Applications Program,” 13 Oc-
tober 1969.

Pregram responsibility for Saturn launch vehicles at the Headquarters level was
divided between the Apollo Program Office (APO) a:d AAP Office. Each office
w~as responsible for ensuring that its actions with regard to common hardware
elements and facilities were compatible with the other program. To accomplish
this, APO would establish an individual as a point of contact on AAP-related
matters. In like manner, AAP would establish an individual as a point of contact
for APO-related matters.

Memorandum of understarling between the Apollo and Apollo Applications Program
Offices on Saturn vehicle management interfaces, R. A. Petrone, APO, 6 October
1969, William C. Schneider, AAP, 13 October 1969.

MSFC signed a contract with General Electric Company for support work for
AAP. Under the terms of this agreement, General Electric agreed to provide
ground suppert equipment and launch systems for the ATM, MDA, and airlock,
as well as for the Saturn V Workshop itself.

Contract NAS 8-25150, 7 October 1969.

For some time into the future, all personnel going into space, whether as crews or
passengers, would need a reasonable ievel of training for the environment. This
wou.d include aircraft flying, zero-g, centrifuge, and altitude training. Depending
on final definition and mission of the space station, crews would consist of pilots,
flight engineers, technicians, and scientists. The last three categories would not
be trained as pilots. A reasonably stringent selection process would still be re-
quired to ensure the compatibility of the crew.

Letter, Rotert R. Gilruih, MSC, to George E. Mueller, NASA Hgq, 8 October 1969.

A meeting was held at North American Rockwell to discuss the AM in connec-
tion with its modification and installation in the OWS. Representatives from
MSFC, MSC, NAR, McDonnell Douglas, The Boeing Company, Brown Engi-
neering Company, and Martin Marictta participated. Drawings, data, and an
AM were examined. The AM would require replacement of certain materials as
a fire preventive measure before use in the OWS.

Memorandum, W. K. Simmons, Jr., MSFC, to Leland F. Belew, MSFC, “Workshen
Project Weekly Notes,” 10 October 1969.

180




v

PART II: APOLLO APPLICATIONS PROGRAM

NASA Hq defined the requirements, responsihilities, inter-Ceenter coordination,
and review necessary for the develupment, revision, and checkout procedures
applicable to AAP hardware at KSC,

AAP Directive No. 26, “Intercenter Responsibilities for Support and Preparation of
KSC Test and Checkout Plans and Procedures,” 10 October 1969.

At a meeting with AAP officials in Washington, Associate Administrator for
Manned Space Flight George E. Mueller reviewed various habitability aspects of
the AAP dry-launched Workshop concept. Mueller repeatedly emphasized that
the fundamental goal of the AAP Workshop was to gain an understanding of
habitability conditions wherein men could live and work in space over long pe-
riods of time—factors that could subscquently be applied to the design of a space
station. The AAP Workshop, Mueller affirmed, should include a number of criti-
cal habitability devices, so that the crews could evaluate various alternatives and
select the most desirable designs.

In line with this thinking, Mueller approved the “wardroom” concept for the
Workshop, a combined dining and recreational area for the crew. Also, he ap-
proved deletion of the Defense Department’s sleeping compartment experiment to
allow more room inside the wardroom.

Letters, R, L. Lohman, NASA Hagq, to Dist., “Space Station Inputs to AAP Habitability
Experiment,” 16 October 1969; William C. Schneider, NASA Hq to Robert F.
Thompson and C. C. Johnson, MSC, Lelan¢' F. Belew, MSFC, and Thomas W. Mor-
gan, KS8C, “Review of Habitabiljty Aspects of the Saturn Workshop,” 30 September
1969; Donald K. Slayton, MSC, to Manager, Apollo Applications Program Office,
MSC, “Orbital Workshop Crew Quarters,” 12 December 1969; Mueller Meeting,
15 October 1969,

To achieve clarity in AAP documentation relationships and to ensure that base-
line controls were clearly identified and understood, the following relationships
were delineated:

* The Program Approval Document and the Praciireient Plan would rep-
resent the basic agrcements between the NASA Administrator and the Associate
Administrator for Manned Space Flight.

* The Flight Missions Assignment Document and the level one schedule,
analysis, and review procedure schedule would serve as the formal controls be-
tween the Associate Administrator jor Manned Space F light ar.{ the Apollo Ap-
plications Director.

* Mission Directives and Program Directives, which included specifications
and work authotizations, would be the control documents between the AAP
Director and the Center Program Manager.

* The Mission Requirements Document, the Bascline Reference Mission
Document, and the end-item seecifications woula he used as the control channels
for the Center Program Managers to the support elerents,
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« Thc AAP Missions Requirement Document for the Orbitai Workshop
configuration was published and distributed. The Baseline Reference Mission was
scheduled for distribution near the end of November. AAP Directive No. 2§,
KSC Test and Checkout Procedures, was approved by NASA Hgq on 10 October

1969,

Manned Space Flight Management Council Meeting, 15 October 1969; NASA,
“Manned Space Flight Weekly Report,” 20 October 1969.

An MSC plan to do both Apollo and Apollo Applications work at North Ameri-
can Rockwell under a single contract was approved by NASA Hq. The Apollo
Spacecraft Program Office and the Apoilo Appiications Program Office were
working together on procedures for maintaining or reestablishing major CSM
subcontractor capabilities. Fuel cells and cryogenic tanks were being given par-
ticular attention.

TwX, G. J. Verchietti, NASA Hq, to D. W. Lang, MSC, “Letter Contract NA3
9-9224—Apollo Applications CSM  Program—Definitization Under Basic Apollo
Contract,” 21 October 1969; “Weekly Progress and 1'.oblem Summary for the Ad-
sinistrator—Apolle Apglications Program,” 24 October 1969; NASA, “Manned
opace Flight Weelly Report,” 27 October 1969

AAP was implementing manned space fligat safety by establishing systems safety
requirements; ensuring compliance with established saiety requirements by formal
audits of design, test, manufacture, operations, and reliability disciplines; partici-
pating in program milestone reviews; conducting formal reviews and checking
concurrence in procedures to be used during hazardous testing, che-.kout, laun-k,
and mission operations; and conducting formal tracking and dispe* ition of safety
problems identified in various engineering analyses, mockup review:: and proce-
dural raviews.

AAP Directive No. 31, “The Implementatior of AAP System Safety Requirements,”
22 October 1969.

A speciali reliability analy: s, “Descent Battery Pack Monitoring,” was completed.
The study was performed to determine the rionitoring parameters planned for
the service module descent battery pack. The pack consisted of three 500-amp/hr
silver-zinc batteries used for the CSM deorbit maneuver. Command module bat-
teries provided redundancy for the deorbit maneuver.

“Weekly Progress and Problem Summary for the A ninistrator—Apollo Applicatiune
Program,” 24 October 1969.

As a result of an AAP management meeting at Mir'C, the AAP Director ap-
proved the following char.ges in the OWS: reinforced floor, hard ceiling, access
hatch, window, and wardroom concept. Inversion of the Workshop fluor was

given tentative approval.
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NASA, “Manned Space Flight Weekly Report,” 3 November 1969; “Weekly Progress
and Problem Sumuwary Report,” ¢ November 1969; NASA News Release 69-164,
“Orbital Workshop Design Changes,” 11 December 1969,

An ATM program review was held at MSFC. ATM Principal Investigators and
representatives from NASA Hgq, MSC, and MSFC attended. Among the areas
discussed were unmanned operations, thermal control, operating lifetime, and
availability of acceptance checkout equipment. A study was being conducted to
ideniiy the amount of thermal control required during inflight storage periods.
In addition, life testing was being performed to determine capability for extend-
ing the operating lifetime of the ATM.

“Weekly Progress and Problem Summary for the Administrator—Apollo Applications
Program,” 4 November 1969 NASA, “Manned Space Flight Weekly Report,” 3 No-
vember 1969.

MSFC was requested to Manage a study to define the performance characteristics
and related costs and schedules for development of an ATM-B stellar telescope to
be used with a second OWS, Results of the study were considered to be signifi-
cant in determining whether such a program should be undertaken and what
measures wete required to establish characteristics and requirements that would

support development of large telescopes of the future.

Letters, George E. Mueller, NASA Hq, to Director, Marshall Space Flight Center,
“Apollo Telescope Mount (ATM--B) Stcllar Telescope Study,” 31 October 1969;
George E. Mueller to Associate Administrator for Advanced Research and Technology,
“Apollo Telescope Mount (ATM-B),” 31 October 1969,

A major study was performed by KSC, The Boeing Company, and Chrysler Cor-
poration to determine the feasibility of launching S-1B vehicles from LC-39.
Major facilities and equipment needed to convert 1G-39 to an clevated pedestal
configuration were studied, as well as estimated cost figures, program schedules,
and interrelationships with oiher NASA programs. The study indicated that use
of the elevated pedestal concept in LC-39 appeared technically and opcrationally
feasible. However, because of the close operational coupling of the Apollo and
AAP if this concept were implemented, it was decided to defer further considera-
tion of this concept.

KSC AAPO, “Utilization of LC-39 for AAP Saturn IB Launches,” 1 November
1969.

LaRC issued a request for proposal for a zero-g body shower that would be de-
veloped for use on extended manned space missions,

Letter, E. M, Cortright, LaRC, to Robert R, Gilruth, MSC, “Evaluation of Proposals
in Response to NASA RFP L|3 -+42, ‘Development of a Zero Gravity Whole Body
Shower,’ " 3 November 1969,
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Two Apollo ATM-related Acrobee rockets were launched {rom the White Sands
Missile Range, New Mexico. The rockets achieved expected performance, solar
pointing systems functioned properly, payloads were cuccessfully recovercd, and
preliminary results appeared excellent. The information obtained by the rocket
flights on solar emission intensity, filter performance, film response, and €xposure
time would be available in time to provide a useful and effective feedback into
the ATM instruments development program.

MSFC, “Weekly Activity Report,” 3 and 17 November 1969; letter, william C.
Schneider, NASA Hq, to Assaciate Administrator for Manned Space Flight, “Apollo
Telescope Mount (ATM) Rocket Flight,” 7 November 1969; “Weekly Progress and
Problem Summnary for the Administrawr——Apollo Applications Program,” 14 November
1969; “Minutes, MSF Management Council Mecting,” 5 December 1969.

A preliminary design review on the AAP CSM was held 2t North American
Rockwell, Downey. Major configuration items which resulted from the rcview
were reindexing the CSM by 180 degrees, based or a crew requirement t0 be
able to realign the astronaut maeuvering unit before undocking from the cluster,
and installation provisions for two reentry control system propellant tank farms.
Both recommendations would be subjected to furthe: review.

NASA, “Manned Space Flight Weekly Report,” 10 and 17 November 1969 letter,
G. W. Jeffs, North American Rockwell, to Robert F. Thompson, MSC, “Contract
NAS 9-9224, Minutes of AAP PDR,” 14 Nov - her 1969 «“Minutes, MSF Manage-
ment Council Meeting,” 3 December 1969.

Olin E. Teague, Chairman of the House of Representatives Committce on Sci-
ence and Astronautics Subcommittee on Manned Space Flight, sugy.sted that
space rescue and emergency coordination would offer opportunities to bring the
space-faring nations of the world closer together. In an initial responsc to the
letter, NASA Hq appointed a Space Station Safety Advisor and cstablished 2
Shuttle Safcty Advisory Panel.

Letters, Olin T Teague to the President, 5 November 1969: L. A. DuBridge, Science
Advisor, to T. 0. Painc, NASA Administrator, 17 November 1969; M. L. Raines,
MSC, to Managef, Advanced Missions Program Office, “Safety posturc for advanced
programs," 12 December 1969.

During a mecting at McDonnell Dougli s, the following Workshop subsystems
were reviewed: refrigeration, clectrical power and waste heat, trash disposal, urine
collection and processing, and crew compartment. Presentations were offered on
the various subsystcms. In the crew compartment, McDonnell Douglas was pro-
ceeding with a new aceess door arrangement in the experiment arca with a win-
dow in the wardroom. This would climinate disturbing the wardroom installation
if on-the-pad access Was required.

“Weekly Progress and Problem Summary for the Administramr—-—Apnllo Applications
Program,” 2} November 1969.
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President Richard M. Nixon announced his nomination of George M. Low as
Deputy Administrator of NASA. Low had served in the U
since 1949, when he joined the N
NASA's predecessor.

".S. spacc program
ational Advisory Committee for Acronautics,

White House Press Release, *

George M. Low Nominai~d Deputy Director of NASA)”
13 November 1969.

A preliminary design review on

AAP ground support cquipment was held at
North American Rockwell. Pur

pose of the review was to cvaluate preliminary
details of the ground operational system  documentation and ground support
equipment preliminary designs.  Attendees recognized that the required AAP
equipment should be adequate to do the job, but absolutely minimal in cost and
simple to operate. It was agreed that design management meetings would be held

periodically on cach major picce of ground support cquipment when 30 or 40
percent of the design was completed.

“Apollo Applications Test Weekly Status Report,” 26 N
Progress and Problem Summary for the
28 November 1969; “Minutes MSF
1969.

ovember 1969; “Weckly
Administrator- Apollo Applications Program,”
Management Council Meeting,” 5 December

A meeting was held at North American Rockwell, Dow
docking checkout features. It was agreed that docking tests would be conducted
at MSFC with North American fixtures to verify the capability of the MDA
Ports for docking with the command modules.

ney, to discuss MDA

MSFC, “Weekly Activity Report,” 2 December 1969.

An AM system review was held at McDonnell Douglas, St. Louis, The review,
plus a crew walk-through, provided the first concentrated crew input to the AM

dry concept design. It also provided an up-to-date summary review of the overall
AM design status.

MSFC, “Wecekly Activity Report,” 2 December 1969,

ould be conducted on a 24-hour cycle. For
previous manned space flights, the basic onboard time reference for manned space
flights was mission clapsed time (MET), which began at liftoff and
as hours/minutes/seconds for the flight duration.
MET to the 24-hour cyele were

a 24-hour cycle, and the

accumulated
Reasons for the change from
that cating and sleeping activities would follow
postflight data correlation, particularly with ground
data, would he greatly assisted by a 2b-hour timekeeping system, MET would

continuc to be used in the command module for contingency and final reentry
planning.
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Memorandum, T. U. McElmurry, MSC, to Dist,, *On-board time reference during
Apollo Applications Flights,” 24 November 1969.

A review team representing NASA Hgq, the three manned space flight Centers,
the several prime contractors involved, and many of the Principal Investigators
for experiments conducted the AAP cluster systems review at MSFC. Cluster
hardware subjected to scrutiny included attitude con ol thermal, instrumentation
and communications, structural, clectrical, and crew systems, as well as mission
requ.cements and the overall system-level capability of the AAP cluster to meet
those objectives. In one significant design decision, program officials decided to
paralle]l the clectrical power system of the ATM with the rest of the cluster
through the airlock to increase overall reliability of the cluster’s electrical power
system.

MSFG, “Weekly Activity Report,” 9 December 1969; NASA, “Manned Space Flight
Weekly Report.” 8 December 1969; “Weekly Progress and Problem Summary for the
Administrator—-Apollo Applications Program,” 9 December 1969.

NASA Hgq issued a directive which established program standards for achieving
uniformity of terms, practices, and criteria for use throughout AAP in the gener-
ation of nonconformance data that could be readily combined, compared, and
assessed for potential program impact. For the purpose of the directive, non-
conformance was defined as a failure or defect.

AAP Directive No. 10A, “AAP Nonconformance Reporting and Corrective Action,”
9 December 1969,

NASA Hgq issued a program directive that authorized and directed the work to
be accomplished in AAP for FY 1970. Its mission and major flight hardware
summary provided flight numbers aid objectives, assigned by number the launch
vehicles and the CSM, and designated the launch complexes.

AAP Directive No. 4B, “Apollo Applications Program Work Authorization,” 10 De-
cember 1969.

An AM management meeting was held at McDonnell Douglas. Based on a
review of design, test, and procurement schedules, it appeared that an extremely
tight schedule cxisted on all aspects of the project.

MSFC, “Weekly Activity Report,” 18 December 1969; “Weckly Progress and Problem
Summary Report for the Administrator---Apollo Applications Program,” 11 December
1969; NASA, “Manned Space Flight Weekly Activity Report,” 15 December 1969,

Recent discussions produced oral agreements hy NASA Hq, MSFC, and MSC
management to usc progressive crew station reviews at prime hardware contractor
plants for operational verification of hardware before critical design reviews.
Some points relating to the crew station reviews were:
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* Reviews would be conducted at McDonnell Douglas for the OWS and
the AM, at Martin Marietta for the MDA, and at MSFC for the ATM.

* Appropriate one-g engineering mockups would be provided at each
contractor plant. These would be continuously updated to reflect the latest design.

* Attendance at the reviews would be held to a minimum,

* Reviews would be conducted as required, beginning in December 1969,

* A complete crew station review would be conducted as part of the
critical design review.

Letter, Donald K. Slayton, MSC, to Manager, Apollo Applications Program, MSC,
“Progressive Crew Station Review of Saturn V Workshop Hardware, 11 December
1969.

McDonnell Douglas evaluated a recent test failure of a structural transition
section window in the AM. Preliminary findings were that an improper test setup
and procedural error probably caused the window failure. The window failed
under a pressure seven to eight times the maximum operating pressure of the AM.
Test procedures were being reviewed and repeat testing was planned. The struc-
tural transition section contained four windows that provided visibility. When

not in use, these windows were protected by an external movable cover actuated
from within the AM.

“Weekly Progress and Problem Summary Report for the Administrator—-Apollo Appli-
cations Program,” 11 December 1969; NASA, “Manned Space Flight Weekly Re-
port,”” 15 December 1969,

Because of stringent budget restrictions MSFC was requested to carefully scru-
tinize the ATM experiment and supporting systems requirements and eliminate
any existing or proposed modifications that were not mandatory to the successful
accomplishment of the scientific experiment objectives. Modifications which were
not yet implemented would be carefully examined to determine:

* If the requirements matched the approved experiment objectives.

* If the requirements could be met without the change.

* If funding or development schedules would be impacted in an unfavorable
manner if changes were authorized.

* If alternate approaches could be taken to mcet objectives of required
changes with a less unfavorable impact on funding and schedules.

Letter, William C. Schneider, NASA Hq, to Manager, Apollo Applications Program,
MSFC, “ATM Schedules and Resources,” 15 December 1969,

KSC Director Kurt H. Debus announced that LC -34 would be uséd for Saturn
IB-related AAP manned launches (scheduled to begin in mid-1972), while
LC-37 would be placed in a semideactivated “minimum maintenance” condition,
Thomas W. Morgan, AAP Manager of the Florida Center, said that design of
modifications to LC-34 to meet the needs of AAP would begin on 1 January
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1970, while the modifications to the pad itself would begin around the end of the
summer. The current estimate for the cost of modifying the complex and bringing
it to a state of rcadiness was about $3.7 million.

Spaceport News, Vol. 8, 18 Decunber 1969, p. 8.

MSFC shipped a test version of the Saturn V third (S-IVB) stage to McDonnell
Douglas to be converted into a Workshop test article for use in AAP dynamics
and acoustics testing. The stage had earlier been used as a Saturn V facilities
vehicle to check out manufacturing, testing, and launching facilities during the
Apollo/Saturn V program.

MSFC Project Logistics Office, Flight Operating Log, 2 January 1970; MSFG,
“Weekly Activity Report,” 15 January 1970; NASA, “Manned Space Flight Weekly
Report,” 19 January 1970.

AAP involved the conduct of long-duration manned missions under two concepts.
The first was the conduct of long-duration orbital missions by the use of spacecraft
originally developed for the Apollo lunar mission operating in conjunction with
an OWS. This concept required providing sufficient expendables to sustain
individual long-duration missions and planning so that they would continue for
predetermined durations as long as no major flight hardware problems arise. The
second concept was that of revisitation and reuse of multimodule assemblies left
in orbit.

These concepts were influenced by two major factors. The first was the need to
use Apollo and Gemini hardware and technology for the most economical
accor. Hlishment of significan® advances in manned space flight orbital operations.
The second factor was the desire to exploit the long-duration operational potential
of the hardware as rapidly and cconomically as technology would permit.

Letter, William C. Schneider, NASA Hq, to Manager, Apollo Applications Program,
MSFC, MSC, and KSC, “Test Requirements for AAP Long Duration Missions,” 3
January 1970; NASA Handbook 8080.3, Appendix D, “Apollo Applications Test Re-
quirements,” Change 1, 23 December 1969.

An Earth resources experiments package (EREP) preliminary requirements review
was held at MSC. Representatives from NASA Hq, MSC, MSFC, KSC, and
Martin Marictta participated. Based on the results of the review, MSFC and
MSC were reviewing the dynamic loads, vibration and acoustics, and film
temperaturc environments for EREP. Discussions were also being held with the
Office of Space Science and Applications to determine detailed plans on EREP.

NASA, “Manned Space Flight Weekly Report,” 19 January 1970.

The Apollo 20 mission was deleted from the program. MSC was directed to take
some immediate actions including determination of the disposition of CSM-115A,
pending a final decision as to its possible use in a sccond Workshop mission.
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TWX, Kocco A. Petrone, NASA Hg, to MSC, “Apollo 20 deletion,” 7 January 1970,

The Air Force Eastern Test Range was planning to deactivate two high-resolution
tracking radars at the Cape. The radars provided the carliest acquisition of S—IB
launches of all available radars and permitted lower visibility ceilings for these
launches. KSC requested a temporary postponement of the dcactivation until a
determination could be made of the impacts, if any, to launch constraints and
until alternate radars could be specified.

KSC, “Weekly Progress Report,” 7 January and 14 January 1970.

Saturn V launch vehicle 513 was designated for the first AAP Workshop launch.
For planning purposcs, launch vehicle 515 was being considered for use with
either a backup or second Workshop.

TWX, William C. Schneider and Rocco A. Petrone, NASA Hq, to MSFC, MSC, and
KSG, “Saturn V Launch Vehicles for AAP,” 7 January 1970,

Dale D. Myers was appointed NASA Associate Administrator for Manned Space
Flight with an effective date of 12 January. He succeeded George E. Mueller,
who left NASA on 10 December 1969 to become a vice president of General
Dynamics Corporation. Prior to his acceptance of the NASA posiiion, Myers was
Vice President and General Manager of the Space Shuttle Program at North
American Rockwell,

NASA News Release 704, 8 January 1970,

The mission requirements panel met at KSC. The baseline reference mission
document was Leing updated to incorporate a 50-degree orbital inclination for
the OWS. In current plans, AAP-3 would be launched on day 183, mission
elapsed time. This would permit daytime launches and recoveries for all the
manned missions. The possibility that the orbit of the jettisoned payload shroud
might recontact the OWS orbit was being evaluated in order to identify preven-
tive measures,

NASA, “Manned Space Flight Weekly Report,” 26 January 1970,

Apollo Applications Program Managers met at MSFC and conducted a full
review of the ATM status. Among the items covered were the film vault design,
film test program, subsystems status, module ground test program, quality and
reliability, mission operations support to MSC, prototype refurbishment, project
schedules, and funding,

NASA, “Manned Space Flight Weckly Report,” 2 February 1970.

The recommendation was made that serious consideration be given to providing
training in solar physics to the Skylab astronauts in the immediate future. Purpose
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of the training would be to obtain maximum benefit from the ATM experiments
by equipping the astronauts with a well-rounded knowledge of solar physics and
the training required for them to become experienced solar observers.

Letter, R. Tousey, Naval Research Laboratory, to Robert F. Thompson, MSC, 4
February 1970.

NASA management conducted a briefing in the Health, Education, and Welfare
auditorium, Washington. Purpose of the briefing was to explain to industry ana
labor NASA’s plans for the coming year, following a 12-percent budget cut.

NASA Industry Briefing, 6 February 1970.

With the termination of the Manned Orbiting Laboratory, the Air Force provided
MSFC with three environment conditioning units capable of delivering fresh air
into a small enclosed space at a desired temperature and humidity. The units
would be used during bench checks and troubleshooting on the ATM experiments
and the related ground support equipment during storage and the preinstallation
period.

NASA, “Manned Space Flight Weekly Report,” 9 February 1970.

A meeting was held at MSFC to discuss long-term storage of launch vehicle
stages. A preliminary plan was to store four S-IVB stages and four S-1I stages in
the Vehicle Assembly Building at KSC. Deletion of certain checkout functions
formerly accomplished before delivery of hardware to KSC was also discussed.

KSC, “Weckly Progress Report,” 18 February 1970.

Kenneth S. Kleinknecht was named Manager of MSC AAP, succeeding Robert
F. Thompson who was appointed Manager of the newly escablished Space Shuttle
Program Office at MSC. Clifford E. Charlesworth was appointed AAP Deputy
Director.

MSC News Release 70-25, 13 February 1970; MSC Announcement 70-33, “Estab-

lishment of the Space Shuttle Program Office and Key Personnel Assignments,” 13
February 1970.
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Memoranda, George E. Mueller, NASA Hq, to0 J. Scheer, NASA Hq, *“Request to
NASA Project Designation Committee to Select a New Name for AAP,” 15 October
1968; D. D. Myers, NASA Hg, to Deputy Administrator, “New Name for Apollo Ap-
plications Program,” 23 January 1970; George M. Low, NASA Hq, to Assistant Ad-

ministrator for Public Affairs, “Naming of Several Projects” 11 February 1970,
J. Scheer to D, D, Myers, 18 February 1970. i

to Dist.,, “Program Name Change,” 24 February 1970 ; NASA News Relcase 70-30

“N£SA AAP Designated Skylab,” 24 February 1970; NASA SP-4402, Origins of
NASA Names, Washington, 1976,

A ground support equipment meeting was held at MSFC with representatives
from NASA Hq, MSC, MSFC, McDonnell Douglas, and General Elecirin
Company participating, Purpose of the meeting was to establish lines of
communication and to discuss test and checkout philosophies and responsibilities,
ground support equipment status, and problems of common interest. On 18

MSFC, “Weekly Activity Report,” 27 February 1970,

At an AM Mmanagement review held at McDonnell D
the AM delivery was predicted. Reason for the slipp
changes in the caution and warning system.,

ouglas, a two-month slip in
age was attributed to design

NASA, “Manned Space Flight Weekly Report,” 27 February 1970,
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A mceting was held at MSFC on experiment Jocations in the Orbital Workshop.
Representatives from MSC, McDonnell Dovglas, Martin Marictta, and MSFC
attended. Several Principal Investigators also attended. In general, the experi-
ment locations were considered acceptable.

MSFC, “Weekly Activity Report,” 5 March 1970.

KSC Director Kurt H. Debus announced administrative changes creating a
Center Planning and Future Programs Directorate. G. Merritt Preston, Director
of Design Engineering, was named to head the new clement. The Center Plan-
ning and Future Programs Directorate was responsible for space transportation
systems, Earth-orbital vehicles, and planctary manned and unmanned vehicles.
The Advanced Programs Office of the AAP Manager’s organization, together
with AAP supporting rescarch and technology tasks related to future require-
ments, were transferred to the new group. Also assimilated into the new direc-
toratec were portions of the Design Engincering Directorate’s Future Studies
Office. Grady F. Williams, former Deputy Director of Design Engineering,
succeeded Preston as Director of Design Engineering.

Spaceport News, 26 February 1970, p. L.

/ernher von Braun left MSFC to become NASA’s Deputy Associate Adminis-
trator for Planning in Washington. Eberhard F. M. Rees, who had served as the
MSFC Deputy Director Technical since 1963, became Director of MSFC.

MSFC, Marshall Star, 4 March 1970, p. 1.

In a statement from the White House, President Richard M. Nixon announced
his proposed space goals for the 1970s. He listed six specific objectives for the
program. Objective No. 4 stated: “We should seek to extend man’s capability to
live and work in space. The experimental space station-—a large orbiting work-
shop—will be an important part of this effort. We are now building such a
station—-using systems originally developed for the Apollo program—and plan to
begin using it for operational missions in the next few years. We expect that men
will be working in space for months at a time during the coming decade.”

Text of statement by the President, 7 March 1970.

McDonnell Douglas and Martin Marietta were condacting analyses for their
areas of hardware responsibility to determine the types, qantities, and locations
of materials that might present o fire hazard. ‘They were assussing flash points and
propagation mechanisms for the various materials and areas. This would provide
the busis for determining the quantity, type, and location of fire sensors for Skylab.

Letter. William C. Schneider, NASA Hq. to Director, Manned op.  rlight Safety,
sgemiannual Report of Manned Space Flight Safety Studies and Activities--Skylab
Portion,” 9 March 1970.
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Definition studies for a second Orbital Workshop (Skylab II) were under study.
Mission objectives would respond to the following major objectives: continued
development and expansion of the ability to live, work, and operate effectively in
space; exploitation of space for practical benefits through the observation of

Earth and its environment; and the use of space for scientific research.

Letters, William C. Schneider, NASA Hgq, to Managers, Apollo Applications, MSFC,
MSC, and KSC, “Definition Studies for a Second Workshop,” 25 November 1969;
P. E. Culbertson, NASA Hq, to MSFC and MSC, “Payload Planning for Skylab I1
Mission,” 15 March 1970.

MSFC recommended disapproval of a space bath on Skylab based on the
following:

* The cost was considered excessive.
* The requirement was not mandatory for mission success,
* The schedule impact was unacceptable.

Letter, Leland F. Belew, MSFC, to William C. Schneider, NASA Hgq, “Space Bath,”
18 March 1970; TWX, R. M. Jacobs, McDonnell Douglas, to MSFC, “Space Bath
Tub for Whole Body Cleansing,” undated.

A GSM meceting was held at North American Rockwell. Purpose of the meeting
was to review cxperiment hardware need dates and review experiment test
requirements. Displays, controls, and contractor furnished crew equipment were
satisfactory. However, government-furnished crew equipmen  and scveral stow-
age areas lacked some detail. No significant communications or instrumentation
design changes were necessary.

MSC, “‘Skylab Weekly Activity Report,” 30 March and 7 April 1970,

During a NASA management tour of Skylab facilitics at McDonnell Douglas,
Los Angeles, K. S. Kleinknecht (MSC) recommended that a high fidelity mockup
of the OWS be provided at the plant. While MSFC had an engineering mockup
that attempted to duplicate changes made to the OWS, Kleinknecht suggested
that MSFC was too distant from McDonnell Douglas to maintain up-to-date
changes.

Memoranda, Donald K. Slayton, MSC, 19 June 1970; T. U. McElmurry, MSC, 4
September 1970; message, William C. Schneider, NASA Hq, 10 September 1970,

NASA Hgq issued its policy for delivery, installation, integration testing, and
checkout of experiment flight hardware with flight modules before and after
delivery to KSC. Flight experiments would be delivered installed in their respec-
tive modules or in bonded packages with the flight module to KSC. Experiments
not accompanying the modules would he delivered to KSC by the integration
center on previously agreed to dates.
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Letter, William C. Schneider, NASA Hg, to Managers, Skylab Prograrm, MSFC, MSC,
and KSC, “Expeiime=nt Flight Pardware and N dule Integration Policy,” 3 April
1970.

A KSC procurement plan for Skylab Program launch operations requirements
for CSM hardware was approved by NASA Hq. The plan would provide for a
new KSC contract covering the period from 1 Deccmber 1970 to 31 December

1972.

KSC, “Weekly Progress Report,” & April 1970,

A Manned Space F)'ght Management Council meeting at KSC focused on a
second Skylab Program. Issues discussed were whether there should be a Skylab
II, and, if so, what its fundamental mission and ronfiguradon should be, how
lonyg it should stay in orbit, what its experiment payload should be, and how
many manned launches should be planned for it. MSG recommended that
artificial gravity and expanded Earth-survey experiments be included as major
objectives of a sccond Skvlab Program.

MSC, “Skylab Weekly Activity Report,” 13 April 1970: memorandum, John H.
Disher, NASA Hq. to P. Culbertson, NASA Hq, “Narrative Description on Apr 7
Management Council Discussion of Skylab 1, 3 April 1970.

An ATM crew station review was held at MSFC. Results of the review included
the following:

« MSFC would investigate ATM timing sources to satisfy the 16-mm
Maurer control and display sequence camera timing and seauencing equirements.
+ An improved layout ot control and displa,y <+ cuit breaker panel was sug-

gested by the crew.
e The impact of providing a display designed to show the crew that the
ATM digital computer had accepted a console-initiated keyboard command was

hcing assessed by MSFC.

NASA, “Marned Space Flight Weekly Report,” 20 April 1970.
A contract was awarded to Itck Corporation by MSC for the design, develop-
ment, and delivery of multispectral photographic equipment (S190A) for the Sky-
lab Program. The contract called for delivery by July 1971 of a six-lens camera

unit which would become part of the Farth resources experiment package in the
Skylab missions.

MSC News Release 70-41, 10 April 1970

The Skylab Program would operate under the follov:ing mission const aints:
o All Skylab missions would use a northerly launch azimuth.
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Sketch of the Apollo telescope mount,

* The Skylab orbita] inclination would be such as to ensure virtually com-
Plete local vertical coverage of the 48 contiguous states,

* The OWS would be Placed in an orbit sufficiently high to ensure a mini-
mum altitude of 389 km (210 nm) eight months after launch.

* Docking of the CSM to the Workshop would pe confined to the axia]
docking port of the MDA.

* The Earth resources experiment package would he scheduled for at least
45 passes over the chosen ground sites,

Skylab Program Directive No. 43, “Ope:ations Directive for the Skylab Program,”
10 April 1970,

NASA might scrap two of its six scheduled Maop flights, the Washirgton Daily
News said. Apollo 18 and 19 might be scrapped because some NASA planners
wanted to use the boosters and spaceships already being built to speed the space
base and space station programs. Assistant Administratoy George M. Low was re-
ported as saying NASA already was studying the possibility of canceling Apollo
19 and using its Saturn V booster and the Apollo spacecraft for a sccond Skylab,
NASA said there was sentiment for using Apollo 18 equipment for an even more
ambitious venture—base station—that would stay aloft for 10 years (vs. 1 year
for Skylab) and could be added onto untj] it could accommodate 100 men.

Washington Daily News, 21 April 1970, p. 7.

An AM Management mecting was held and a crew station review conducted at
McDonnell Douglas. Martin Marietta MDA personnel attended the review to
ensure some standardization beiween the AM ang the MDA, MSQ suggested
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that the teleprinter be made an inflight replaceable item and that a spare be
carried on Skylab 1.

MSFC, “Weekly Activity Report,” 30 April 1970.

Garrett Corporation, AiResearch Division of Los Angeles, was awarded a con-
tract by MSC for a portable astronaut life support assembly (ALSA) for use in
the Skylab Program. The assembly would ensure that astronauts performing
extravehicular activity and intravehicular activity would have an adequate supply
of oxygen.

MSC News Release 70-43, 23 April 1970.

A directive defirdng the work to be accomplished in the Skylab Program for
Fiscal Year 1970 was issued by NASA Hq. Its mission and major flight hardware
summary provided flight numbers and objectives of each flight; assigned by num-
ber the launch vehicles and CSM, and designated the launch complexes.

Skylab Program Directive No. 4C, “Skylab Program Work Authorization,” 27 April
1970.

A system flexibility study was being conducted of systems and subsystems within
the Skylab cluster in order to achieve the best possible flexibility in case of a mal-
function. The focus was on those actions available to ensure the rapid return of
command and service modules in the event of a malfunction forcing an abort
and possible actions that would permit completion of OWS onboard functions
to ensure acquisition of maximum cxperiment data.

NASA, “Manned Spacc Flight Weekly Report,” 4 May 1970.

North American Rockwell completed a verifics tion evaluation of the CSM hard-
ware for a 120-day capability and transmitted the certification matrices to NASA.
If there were no changes in CSM mission performance requirements, verification
for a 120-day mission would not present a problem.

“Skylab Program Test Weekly Status Report,’ 6 May 1970 NASA, “Manned Space
Flight Wecekly Report,” 8 May 1970; “Weekly Progress and Problem Summary for
the Administrator—Skylab Program,” 8 May 1970.

MDA crew station review was held at Martin Marictta. Results of the review
showed, among other things, that the MDA docking port heat loss was such that
the hatch and tunnel walls could reach a temperature of 216 K ( -70°F). Unless
the heat loss could be prevented, this temperature would preclude a shirt-sleeve

entry.

“Weckly Progress and Problem Summary for the Administm!or——Skylab Program,”
25 May 1970.
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A design review was conducted of the Spacecraft Acoustic Laboratory at MSC.
The review included the physical design of the reverberation chamber, operational

features required for the facility, and the expected technical performance capa-
bility of the laboratory.

“Weekly Progress and Problem Summary for the Administrator--Skylab Program,”
8 May 1970.

The feasibility of docking a second Orbital Workshop to Skylab 1 had been under
consideration. However, the practical problems that would be cngendered by
such an operation were formidable. They included such items as docking loads,
docking control, flight attitude of tandem Skvlabs, consumables, and in-orbit
storage of Skylab 1.

Letter, William C. Schneider, NASA Hq. to Associate Administrator for Manned
Space Flight, “Docking Skylab 11 to Skylab 1, 14 May 1970,

NASA Hq announced that both the manned and unmanned (Saturn IB and
Saturn V) launches of the Skylab Program would be from KSC LC-39. Previous
plans were to conduct the Saturn IB launches from LC-34, a part of the U.S. Air
Force Eastern Test Range used by NASA, a tenant at Cape Canaveral Air Force
Station, Florida. However, program studics showed the feasibility of the pedestal

concept of launching the Saturn IB from LC-39 and indicated a cost savings of
$13.5 million.

The pedestal would be of standard steel structural design; however, there were
unique conditions considered. One of these was the requirement to withstand
engine exhaust temperatures of 3000 K (5000°F). Another dealt with winds.
The pedestal was designed to launch an $-IB at maximum vehicle allowed winds

(59.4 km) and to withstand a 200-km per hr hurricane without the launch
vehicle.

Launch Complex 34, which became operational in 1961, was placed in a standby
condition after the Apollo 7 flight in October 1968. It would have required ex-
tensive updating of equipment and repairs to ready it for the Skylab Program.

NASA News Release 70-70, “Skylab Launch Site Change,” 15 May 1970; MSC News
Release, 70-49, 15 May 1970; Chrysler, Report CUGSD-TR FFO--800- 8, Study Report
Launch of Saturn 1B, CSM From Launch Complex 39, 15 April 1970; memoranda
for record, T. F. Goldcamp, KSC, “Skylab Saturn [B/CSM Launches from LC- 39,”
10 May and 19 May 1970; letters, G. F. Williams, KSC, to Manager, Skylab Program,
KSC, “AAP Saturn IB/CSM Launches from LG 39, 10 April 1970; W, J. Kapryan,
KSC, to Manager, Skylah Program, KSC, “Skylab Saturn 1B, CSM Launches from
LC 39" 10 April 1970: R. E. Godfrey, MSFC, to T. W. Morgan, KSC, “Utilization
of Launch Complex 39 for Skylab Saturn IB Launches,” 15 April 1970; J. R. Martin,
MSFC, to W. Strickland, MSFC, “Wind Consideration for Saturn 1B launch from
LG 39, 17 April 1970: R. E. Godfrey to T. W. Morgan, 5 May 1970; D. D. Myers,
NASA Hq. to NASA Administrator, “Skylab Satwrn 1B CSM Launches from LG 39,”
7 May 1970: 1. W. Morgan to Dist., “Skylab Saturn IB Launches from LC -39, 12
May 1970; G. M. Low, NASA Hgq, to Associate Administrator for Manned Space
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Flight, “Skylab 1B Launches from Launch Complex 39, 14 May 1970; G. M. Low
10 C. P. Anderson, U.S. Senate. 15 May 19707 F. F. M. Rees, MSFC, to K. H. Debus,
KSC, “MSFC assessment of KSC proposal to abandon LC-34 and LC-37 and to
commit two mobile launchers to support Skylab launches,” 4 June 1970; W. C.
Schneider, NASA Hq, to Manager, Apulln-Skylnl) Programs, K3C, “Safety Aspects of
Launch of Saturn iBs from Launch Complex 39,7 19 June 1970; D. D. Myers to
K. H. Dcbus, 22 June 1970 R. E. Godfrey to T. W. Morgan, “Launch of Saturn IB
Vehicles from Launch Complex 39, 29 June 1970;: D. D. Myers to Deputy Adminis-
trator, “Safety Aspects of Skylab Saturn IB/CSM Launches from Launch Complex
39,” 30 Junc 1970; J. D. Phillips, KSC, to R. H. Curtin, NASA Hgq, 26 January 1972.

A mecting was held at MSFC to give NASA management direct exposure to tvio
proposced concepts for urine collection and sampling. General Electric Company
presented their concept for a urine sampling volume measuring subsystem. Fair-
child Hiller Corporation presented their concept for a 24-hour pooling collection
and sampling subsystem. A proposed plan for implementation and integration
for cach of thesc systems was presented by McDonnell Douglas. Following the
presentations it was agreed that MSFCG would implement the Fairchild Hiller
concept, and that a test model would be constructed for verification in zero gravity
on a KC-135 aircraft. On 27 May 1970, a preliminary design review was held,
and general agreement was reached on all significant points. Fairchild Hiller
had completed a model of the collection and measurcment system, and its various
functions were effectively displayed.

Letter. W. K. Simmons, Jr., MSFC, to Dist., “Urine Collection Bricfing Minutes,”
20 May 1970 “Weekly Progress and Problem Summary for the Administrator—
Skylab Program,” 5 Junc 1970.

During a Skylab Workshop management review, McDonnell Douglas was di-
rected to proceed with the design and fabrication of a high-fidelity mockup of the
OWS. The mockup and installed equipment would simulate actual equipment
to the extCnt NECCSSATY 10 ASSCSS Crew tasks and facilitate in-depth reviews of the
tasks. The mockup would be located at the McDonnell Douglas, Huntington
Beach facility.

MSFC, “Weekly Activity Report,” 21 May 1970 NASA, “Manned Space Flight
Weekly Report,” 25 May 1970.

The AM static structural qualification testing was completed at MSFC, with the
successful completion of the 125-percent liftofT loads test. The AM structural
test article used for this test was Jater modificd to become the dynamic test article
used in the payload assembly vibroacoustic test at MSC.

MSFC, “Skylab Program Office Weekly Activity Report,” 2 Junc 1970.

The ATM critical design review was completed, with the Critical Design Review
Board meeting at MSFC. This review gave formal approval to the ATM design.

MSFC, “Skylab Weekly Activity Report,” 21 and 26 May 1970.
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A Skylab logistics support status review was held with representatives from NASA
Hq, MSFC, KSC, and MSC participating. Primary purpose of the meeting was
to establish the nature and degree of the logistics Support required from KSC by
the design Centers.

Letter, A. F. Hinger, NASA Hq, to J. P. Field, Jr, NASA Hq, “Skylab Logistics
Support Status Review,” 26 May 1970.

The consolidation of the Skylab and Apollo Program Offices at KSC was ap-
proved by T. O. Paine, NASA Administrator. Thomas W. Morgan was appointed
Manager of the combined functions. R. C. Hock was named acting Deputy
Manager, Apollo-Skylab, on 5 June 1970.

Memoranda, K. H. Debus, KSC, to Dist., “Apollo Program Manager,” 1 June 1970;

“Designation of Acting Deputy Program Manager,” 5 June 1970; KSC, “Weekly
Progress Report,” 3 June 1970,

The ATM thermal systems unit was delivered to MSC from Marshall. It was
subjected to the temperature and vacuum extremes of a space environment in

the MSC thermal vacuum chamber as part of the qualification program of the
ATM.

MSFC, “Skylab Program Office Weekly Activity Report,” 9 June 1970.

MSC announced a supplemental agrcement to the Apollo contract with North
American Rockwell to provide four CSMs for the Skylab Program. The agree-
ment definitized a letter contract issued in March 1969.

MSC News Release 70-62, 4 June 1970,

NASA announced selection of General Electric Company and Singer-General
Precision, Inc., for competitive negotiations leading to a contract for development
of the crew training simulator for the Skylab Program at MSC. The contract
would include design, fabrication, installation, checkout, simulation programs,
onsite systems engineering, and supporting documentation.

MSC News Releasc 70-64, 5 June 1970.

Martin Marictta Corporation was awarded two contract modifications from
MSFC. The first one involved work on systems integration for the MDA. The
second covered design development, fabrication, assembly, integration, and test-
ing of MDA cquipment,

MSTFC Contracts Office, Mod. 144 to Contract NAS 8 24000, 9 June 1970, and Mod.
145 to Contract NAS 8 24000, 18 June 1970,
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NASA announced selection of Honeywell, Inc., of Boston for award of a contract
for the design, development, and delivery of a 10-band multispectral scanner
instrument for use in the Skylab Program. The multispectral scanner would be
flown as part of Skylab’s Earth resources experiment package. Purpose of the
scanner would be to detect and measure radiated and reflected solar energy
from materials on Earth.

NASA News Release 70-99, 18 June 1970.

Representatives from McDonnell Douglas and MSFC attended a meeting at
MSC to discuss crew participation in the OWS factory checkout. Crew com-
partment fit and function was the main topic of discussion. Because of the
meeting, McDonnell Douglas was in a better position to plan the man-machine
portions of the checkout.

MSFC, “Weekly Activity Report,” 25 June 1970.

An AM crew station review was held at McDonnell Douglas. A discussion on the
content and conduct of the critical design rcview-crew system review was held.
General agreement was reached that the AM /MDA stowage should be reviewed
to the maximum extent possible.

“Manned Space Flight Weekly Reports,” 22 and 29 June 1970; MSFC, “Weekly
Activity Report,” 25 June 1970.

General Electric Company, Valley Forge, Pennsylvania, was awarded a contract
for the design, development, and delivery of a microwave radiometer-scatterom-
eter/altimeter instrument for the Skylab Program. The instrument would be
part of the Earth-resources experiment package, which also included a multi-
spectral photographic facility, an infrared scanner, and a 10-band multispectral
scanner. Objectives of the microwave radiometer-scatterometer/altimeter experi-
ment would be to determine the usefulness of active and passive microwave
systems in providing information on land and sea conditions.

MSFC Contracts Office, memorandum of contract action, 19 June 1970; MSC News
Release 70-70, 22 June 1970.

An OWS fire study meeting was held, with astronauts and system safety person-
nel participating. A study was initiated to cover such items of firc safety as escape
routes for the crew; materials and flammability; fire detection and extinguisher
locations; suit locations; effect of fire debris on the command module; ground
monitoring of fire detection; pressure buildup from a fire; and crew response
after 50 days in space.

NASA Hgq, “System Safety Weekly Activity Report,” 1 July 1970,
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“Weekly Progress and Problem Summary for the Administrator——Skylab Program,”
29 June 1970; NASA, “Manned Space Flight Weekly Report,” 29 June 1970,

During a Press briefing and toyr of production facilities at MSFC, NASA Sky-
lab Program Director William S. Schneider said of the project, “[we are] in the
critical phase of firming up our designs.” Three missions were Planned for the

eight-month lifetime of the 14.6-m-long Workshop. The Primary task of the first
mission would be to study physiological and psychological aspects of space flight
for 28 days. The second mission, for 56 days,

would operate telescopes, The
third, also 56 days, would survey Earth resources,

MSFC PAO, Visitors Program Record, 29-30 June 1970,

KSC awarded contracts to AC Electronics Division, General Mo
and General Electric Company. The AC Electronics contrac
Apollo CSM and LM guidance and navigation systems test an

at KSC for the Apollo and Skylab Programs,

tors Corporation,
t would provide
d mission support

The General Electric Contract would provide personnel an
tenance and

Operation of acceptance checkout equj
Systems which were designe

d equipment for majn-

Spaceport News, 2 July and 30 July 1970,

diometer for use in th

e Skylab Program, The radio-
ghtness and temperaty

meter would measure bri re of the terrestrial surface of

the Skylab ground track.

MSC News Release 70-86, 4 July 1970,

Concern over the Skylab (SL) food pro

gram and the habitability aspects of the
Orbital Workshop led

to an exchange of correspondence and considerable dis-
cussion on the subjects during a Skylab Progra

m review held at MSFC, Per-
sonnel from NASA Hq, MscC, KSC, and MSF
the items discussed were eliminatio

development System, need for an

sole, typc of lighting, and
color scheme of the OWS interior. Prior to the review, a Skylab food Systems

1970. Items on the agenda included freezer
; the food preparation concept; a galley appliance
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concept; and food stowage requirements. Other items of major interest were
the following:

+ The basic design philosophy was reaffirmed, with some interpretation.

o The basic configuration was reaffirmed; some agrecnents were made to
modify certain systems and to investigate others, reflecting recent cngineering
design change requests.

o The July 1972 launch date for SL--1 and SL-2 was reaffirmed.

o The cost plan was not deviated from, although concern was expressed at
ability to complete the program with the cost plan.

+ The open-ended philosophy for the 28-day- and 56-day-mission duration
was reiterated.

« Operational planning guidelines werc modified to encourage more €m-
phasis on experiments time allowance.

“Minutes of Skylab Program Review,” 6-7 July 1970; “Weekly Progress Report for
the Administrator—-Skylab Program,” 15 Junc 1970; memoranda, C. C. Kraft, Jr,
MSC, to MSC Director, «Habitabiiity of Skylab,” 6 April 1970; C. A. Berry, MSG,
to Manager, Skylab Program, MSC, “Deletion of requirements of perishable food,”
21 April 1970; TWXs, W. C. Schneider, NASA Hgq, to K. S. Kleinknecht, MSC, and
L. F. Belew, MSFC, “Food System Interface With Orbital Workshop,” 28 July 1970;
W. C. Schneider to L. F. Belew, K. S. Kleinknecht, and T. W. Morgan, KSC, “OWS
Stowage and Food System Changes,” 13 July 1970; K. S. Kleinknecht to W. C.
Schneider, “Changes in Skylab Program Food System Interface,” 13 August 1970;
letters, R. R. Gilruth, MSC, to E. F. M. Rees, MSFC, 10 April 1970: W. C. Schneider
to R. F. Thompson, MSC, “Inflight Food and Water Systems for AAP,” 22 April
1969; W. C. Schneider to K. S. Kleinknecht, “Deletion of requirements for perishable
food,” 26 May 1970; R. R. Gilruth to E. F. M. Rees, 26 May 1970; E. F. M. Rees to
R. R. Gilruth, 27 May 1970: E. F. M. Recs to D. D. Myers, NASA Hg, 15 June 1970;
E. F. M. Rees to RO R Gilruth, 16 June 1970; W. C. Schneider to Manager, Skylab
Program, MSC, “Deletion of Requircments for Perishable Food Aboard Skylab,” 19
June 1970: D. D. Myers to R. R, Gilruth, 22 Junc 1970; L. F. Belew to K. S. Klein-
knecht, “Engincering Design Change Request—173 Food System and Storage,” 23
June 1970; K. 8. Kleinknecht to W, C. Schneider, “‘Food system interface with orbital
workshop,” 17 July 1970: E. F. M. Rees to C. W. Mathews, NASA Hg, 21 July
1970; W. C. Schneider to Managers, Skylab Program, MSGC and MSFC, “Transfer of
Skylab Food Heater System Responsibility from MSFC to MSG,” 25 August 1970.

MSFC modified its existing contract with Martin Marictta Corporation for addi-
tional work on the Skylab Pregram. The contract modification covered develop-
ment, implementation, and operation of a change integration and configuration
control system.

MSFC Contracts Office, MOD 150 to Contract NAS 8-24000, 8 July 1970.

A study was raade of the effect of contamination on all critical surfaces of the
Skylab vehicle. Potential contamination sources which violated cluster rcquire-
ments specifications were cvaluated by the “ontamination Control Working
Group. The study indicated that the MOL sicve and the OWS waste tank vents
would, in combination, present a potential contamination threat to nearly all
the external OWS windows.
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Letters, William C. Schneider, NASA Hg, to Manager, Skylab Program, MSFC, “Sky-
lab Contamination Control,” 20 March 1970; Leland F. Belew, MSFC, to W. C.
Schneider, “Skylab Contamination Control,” 10 July 1970; NASA, “Manned Space

Flight Weekly Report,” 27 July 1970; “Weekly Progress and Problem Summary for
the Administrator,” 27 July 1970,

A meeting was held at NASA Hgq to discuss unmanned ATM operations. ATM
Principal Investigators and personnel from MSC, MSFC, KSC, and NASA Hq
attended. Following presentations by MSC and MSFC and statements by the
investigators, a daily eight-hour unmanned operation of the ATM was baselined.

Letters, William C. Schneider, NASA Hgq,
Kleinknecht, MSC, und Thomas W. Morg
Operations Meeting,” 20 July 1970; Kenn
Operations and Flight Crew Operations,
July 197¢.

to Leland F, Belew, MSFC, Kenneth S,
an, KSC, “Unmanned ATM Experiment
eth 8. Kleinknecht to Directors of Flight
MSC, “Unmanned ATM Operations,” 30

MSFC issued a contract change order to McDonnell Douglas changing the food
Management concept from a soft to a canned food package, which provided
additional food storage. Modification of the wardroom table to mount a new

serving tray with hotplate cavities for heating the food was also included in the
change.

Change Order 128, Contract NAS 9-6555, Schedule 11, 17 July 1970,

MSFC modified an existing contract

with McDonnell Douglas for additional
work on the Skylab airlock. The A

M was a 1.6-m-diameter tunnel attached to
the top of the Workshop. It provided the major work area and support equip-

ment required to activate and operate the Workshop and also formed a passage-
way for the astronauts to move from the Apollo CM and MDA into the Workshop.

The airlock could also be depressurized and scaled off for exit into space outside
the vehicle.

MSFC Contracts Office, MOD 55 1., Contract NAS 9-6555 Schedule 1, 23 July 1970.

Representatives of government and industry participated in a Skylab AM and
MDA crew station review at McDonnell Douglas in St. Louis. Storage areas,
equipment, and crew opcrations were discussed. Astronauts attending the review
conducted walk-throughs of the AM and MDA, major clements of the Skylab
cluster that would also include large solar observatory quarters for long stays in
space. McDonnell Douglas was developing the AM. The MDA was being built

by MSFC; and Martin Maurietta, Denver Division, was integrating equipment
and experiments,

MSFC News Release 70 146, 28 July 1970. MSFC, “Weekly Activity Report,” 6
August 1970, “Weekly Progress and Problem

Summary for the Administrator-—Skylab
Program,” 7 August 1970; NASA, “Manned Space Flight Weekly Report,” 10 August
1970.
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SKYLAB: A CHRONOLOGY

KSC awarded a contract 10 Reynolds, Smith, and Hills of Jacksonville, Florida,
for architectural and engineering services in modification plans for adapting
existing Saturn V facilities at Launch Complex 39 to launch Saturn 1B space
vehicles. A launcher-umbilical tower would requirc a major modification, and
minor modification would be required in the service platforms of the Vehicle
Assembly Building, where space vehicles were assembled and checked out before
being moved to the launch pad. The firm, fixed-price contract had a performance
period of 200 days, with work to be performed at the Center and in Jacksonville.

Spaceport News, 30 July 1970, p- 5.

Skylab Program Managers Thomas W. Morgan, KSC, Leiand F. Belew, MSFC,
and Kenneth S. Kleinknecht, MSC, approved an inter-Center agreement on the
use and control of acceptance checkout equipmcnt—spacccraft (ACE-S/C) for the
checkout of the ATM at all locations and the AM downink at KSC.

“MSC/KSC/MSFC Inter-Center Agreement on the Use and Control of ACE-S/C for
the Checkout of ATM at All Locations and AM (Downlink) at KSC,” 30 July 1970;
MSFC, “Weekly Activity Report,” 7 August 1970; KSC, “Weekly Progress Report,”
12 August 1970

A thermal attitude control system review was held at MSFC. A request by MSC
for isolating the 29 bottle cold gas system into two banks to protect the system
from lcakage was rejected on the basis that adequate attitude control would
still be maintained in the event of a depleted gas supply by using control moment
gyros for all mission phases except the first eight hours. On 4 August, the Manned
Space Flight Management Council sustained the rejection.

NASA, “Manned Space Flight Wecekly Report,” 10 August 1970: letter, G. A. Sweeney,
NASA Hagq, to Dist., “MSF Management Coundil Action Items From Program Review
of August 4, 1970.”

A special change review board was established to expedite and finalize decisions
needed by contractors. Emphasis would be placed on resolving urgent change.
The initial meeting would cover the Orbital Workshop, airlock module, and
experiments. Members of the board were William C. Schneider and John H.
Disher (NASA Hg), Leland F. Belew (MSFC), Kenncth S. Kleinknecht (MSC),
and Thomas W. Morgan (KSQC).

TWX, William C. Schneider to Leland F. Belew, Kenneth S. Kleinknecht, and
Thomas W. Morgan, 4 August 1970.

An MSFC Saturn Program Office review of all Skylub Program directives appli-
cable to the launch vehicle was conducted. Essentially, the review indicated there
was no incompatibility between requirements of the Skylab directives and Saturn
practices as they pertained to the launch vehicle.

Letter, R. G. Smith, MSFC, to W. C. Schncider, NASA Ha, “MSFC Saturn Program
Office Implementation of Skylab Directives,” 6 August 1970.

206
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A critical design review for the AM was held at McDonnell Douglas. Personnel
from NASA Hq, MSC, KSC, MSFC, and McDonnell Douglas participated. The
review was a detailed technical examination of the total AM, including the en-
vironmental control systems, electrical and power management, data and com-
munications, structural and mechanical, and other miscellaneous and experiment-
support systems.

Memorandum, D. M. Green, McDonnell Douglas, “Critical Design Review,” 13 Au-
gust 1970; McDonnell Douglas, “Airlock Program History, 1966-1974"; NASA,
“Manned Space Flight Weekly Report,” 24 August 1970; letter, L. F. Belew, MSFC,
to W. C. Schneider, NASA Hgq, “Airlock Module Critical Design Review,” 22 Sep-
tember 1970.

A meeting was held at MSFC on the OWS in-flight microbiological and odor
contamination requirements. Personnel from MSC, MSFC, LaRC, McDonnell
Douglas, Martin Marietta, Brown Engineering Company, and the U.S. Public
Health Service attended. Considerable discussion centered about the need for
a generai biocide for disinfecting within the entire Skylab and the requirement
for a high-level working group to review and solve microbiological growth prob-
lems for the entire cluster.

Letter, Leland F. Belew, MSFC, to Kenneth S. Kleinknecht, MSC, “Minutes to the
OWS In-Flight Microbiological and Odor Contamination Requirements Review,
August 14, 1970,” 9 September 1970; D. D. Myers, NASA Hgq, to Robert R. Gilruth,
MSC, 26 August 1970.

A week-long critical design review of the Skylab MDA was completed by NASA
and its contractor teams at Martin Marictta’s Denver division. This was the
final technical review before approval for manufacturing flight hardware.

MSFC News Releasc 70-168, 27 August 1970; MSFC, “Weekly Activity Report,” 2
September 1970,

MSFC issued a modification to an existing contract with McDonnell Douglas for
Skylab Program work. The modification would pay for the conversion of the
original OWS to be launched by a Saturn IB booster to a completely outfitted
Workshop to be launched by a Saturn V. Originally the plan was to launch the
second stage (S-IVB) of a Saturn IB into Earth orbit. The S-IVB would be
filled with fuel so that it could propel itself into orbit. Astronauts launched by a
second Saturn IB would then rendezvous with the empty stage and convert it
into living and working quarters. A decision was made 21 May 1969 to outfit
an S-IVB on the ground and launch it ready for use on a Saturn V.

MSFC Contracts Office, MOD 84 to NAS 9 6555 Schedule 11, 27 August 1970.

A group of MSFC engineers successfully completed a week-long testing of Skylab
Program hardware in simulated weightlessness aboard a USAF KC-135 four-
engine jet research aircraft. Tests included operation of flight-configuration doors
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Sketch of the multiple docking adapter.

1970 for film cassette compartments, retrieval and replacement of film cassettes, and
evaluation of handrails and food restraints. The KC-135 was flown in parabolas,

with 30 seconds of weightlessness achieved on each parabola in a technique that
closely duplicated zero-g.

August

MSFC News Release 70-169, 28 August 1970.

k) NASA published a new Skylab launch readiness and delivery schedule which
called for a Skylab 1 launch on 1 November 1972. The change was initiated as
a result of the implementation of an interim operating plan which deleted two
Apollo missions and called for completion of all Apollo missions by June 1972,

NASA Hq Schedule, 31 August 1970; TWX, William C. Schneider, NASA Hgq, to
Leland F. Belew, R. G. Smith, L. B. James, and W, Teir, MSFC, Kenneth S. Klein-
knecht, MSC, and Thomas W. Morgan, KSC, “Skylab Action to Implemcnt the
Interim Operating Plan,” 3 September 1970; NASA, “Manned Space Flight Weekly
Report,” 8 September 1970,

September A study to determine optimum utilization of Launch Complex 39 culminated in
the following assignments:

Apollo 14 Apollo 15 and subsequent

Launcher Umbilical Tower 2 Launcher Umbilical Tower 3
High Bay 3 High Bay 3 (Post-Apollo 14)
Firing Room 1 Firing Room 1

Pad A Pad A
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PART IIl: SKYLAB DEVELOFMENT AND OPERATIONS

Skylab 1 Skylab 2, 3, ¢

Launcher Umbilical Tower 2 Launcher Umbilical Tower 1
High Bay 2 High Bay 1

Firing Room 2 Firing Room 3

Pad A Pad B

Letter, Thomas W. Morgan, KSC, to Dist., “LC-39 Facility Utilization,” 2 September
1970.

An inquiry as to the feasibility of having a crew from another country visit the
Skylab in orbit showed that, while there was nothing to indicate such a mission
cculd not be accomplished, a cousiderable amount of joint planning and design
would be required.

Letter, William C. Schneider, NASA Hgq, to Associate Administrator for Manned
Space Flight, “International Cooperation in the Skylab Program,” 4 September 1970.

A study, which was initiated in April concerning a second Skylab Program, had
generated sufficient data for Planning purposes. The study indicated that a
second set of Skylab missions would provide a useful and worthwhile continuation
of manned space flight in the mid 1970s, even if the hardware were unchanged.
It would also offer an economically feasible program option if future funding
for the Space Shuttle Program fell behind the anticipated growth rate.

Letter, William C. Schneider, NASA Hq, to Associate Administrator for Manned
Spacc Flight, “Skylab B Planning Studies,” 4 September 1970.

A multiple docking adapter critical design review board met at MSFC with repre-
sentation from NASA Hq, KSC, MSC, and MSFC. This meeting concluded
critical design reviews on the MDA and the AM.

NASA, “Manned Space Flight Weekly Report,” 21 September 1970; MSC, “Skylab
Weekly Activity Report,” 18 September 1970; MSFC, “Weekly Activity Report,” 16
September 1970; “Minutes of the MDA CDR Board Meeting,” 24 September 1970.

An Orbital Workshop critical design review was conducted at McDonnell Doug-
las, Huntington Beach. Personnel from NASA Hq, MSC, KSC, MSFC, and
McDonnell Douglas participated. The review was conducted by panels represent-
ing six different technological disciplines. Areas of potential major impact in-
cluded the urine system, microbiological contamination, the water storage system,
and the OWS window vibration test,

KSC, “Weekly Progress Report,” 23 September 1970; “Skylab Program Test—Weekly
Status Report,” 23 September 1970,

Singer-General Precision, | nc., Link Division, Houston, was srlected for the award
of a contract to design, develop, install, and support a Skylab simulator to provide
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Sketch of the Orbital Workshop.

astronaut and ground crew training at MSC. The simulator would serve as a
ground-based trainer with controls and displays similar to those used during
manned operations. It v:ould also be operated in conjunction with the command
module simulator and the Mission Control Center to provide complete mission
training.

MSC News Release 70-101, 15 September 1970.

George M. Low became Acting Administrator of NASA until a successor could
be chosen to replace Thomas O. Paine who had resigned to return to General
Electric Company. Low served in that capacity until the appointment of James
C. Fletcher as NASA Administrator in March 1971.

TWX, A. P. Alibrando, NASA Hg, to all NASA Installation Public Information Of-
fices, 15 September 1970; Astronautics and Aeronautics, 1971, p. 69.

A Saturn Workshop crew station review began at MSFC as part of the Skylan
Program. Nine astronauts participated in the week-long review conducted in a
Workshop mockup. Government and industry engineers monitored the astronauts’
progress as they “walked through” many of the Workshop tasks. Medical experi-
raents scheduled for the Skylab flight were reviewed.

Letter, Leland F. Belew, MSFC, to William C. Schneider, NASA Hgq, 21 October
1970; MSFC, “Weekly Note for Week Ending 25 September 1970.”

A technical status review was conducted at North American Rockwell. Among
the major topics covered were subsystem, critical parts, stress corrosion, cost reduc-
tion, property disposition, and manufacturing and test programs. North Ame-
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ican’s efforts to retain critical skills and maintain high-quality test and manu-
facturing operations were also discussed.

NASA, “Manned Space Flight Weekly Report,” 5 October 1970,

MSFC modified the existing Skylab contract with Martin Marietta. The con-
tract change covered ATM mrission support at MSC and MSFC.

MSFC Contracts Office, MOD 205 to Contract NAS 8-24000, 25 September 1970,

A Skylab Subsystem Review Team was established with C. W, Mathews (NASA
Hq) as chairman. Reviews were scheduled to be conducted at MSFC in Novem-
ber 1970, at MSG during February-March 1971, and at KSC also during
February-March 1971. The subsystem review team was established based on
a recommendation of the Apollo 13 Review Board.

Letter, C. W. Mathews to Director, Program Management, MSF C, Manager, Skylab
Program, MSC, and Manager, Apollo-Skylab Programs, KSC, “Skylab Subsystems
Review,” 25 September 1970,

Multiple docking adapter tests using flight hardware and a GSM simulator were
conducted by MSC, MSFC, and North American Rockwell. Because the docking
probe was unable to maintain a constant preload setting it was returned North
American for refurbishment,

MSFC, “Weekly Activity Report,” 8 October 1970.

A Skylab Contamination Control Working Group presented a summary status
to the Office of Space Science and Applications, the Office of Advanced Research
and Technology, and the Skylab Program Office. MSF C identified sources of
contamination within Skylab and noted the actions that had been taken or were
underway. W. Stroud (Goddard Space Flight Center) observed that since man’s
presence created major sources of contamination, failure of any Skylab experi-
ments for this reason would have a significant impact on future manned missions,

Letter, William C. Schncider, NASA Hq, to Associate Administrator for Manned
Space Flight, “Skylab Contamination Control,” 13 October 1970.

A multiple docking adapter Management review was held at Martin Marietta.
Areas covered included temperatures in the film vaults, installation of vent valves
in the MDA, the window test program, and MDA TV system requirements,

“Weekly Progress and Problem Summary for the Administrator—Skylab Program,” 26
Ortober 1970.

A reliability assessment report on CSM rendezvous maneuvers was relcased. The
report covered critical items of the guidance and navigation control systems,
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service propulsion system, and cervice module reaction control system during CSM
rendezvous maneuvers, Five mission-success single failure points were identified.
Three of these were also crew-safety single failure points.

NASA. “Manned Space Flight Weekly Report,”™ 26 October 1970 “Wecekly Progress
and Problem Summary for the Administrator - Skylab Program.” 26 Qctober 1970.

MSC announced plans to construct a dock and to dredge a channel in Clear
Lake adjacent to the cast gate of MSC to facilitate shipment of large Skyiab
test articles. Upon comgletion of dredging, the waterway would be 2 m deep,
18 m wide, and 914 m long.

MSC News Release 70 117, 20 October 1970.

Russian Cosmonauts Vitaly I. Sevastyanov and Adrian G. Nikolayev were briefed
on the Skylab mission during a tour of MSFC. Scvastyanov and Nikolayev had
previously been selected by the International Academy of Astronautics for the
1970 Danicl and Florence Guggenheim International Astronautics Award. The
award, which was presented annually for outstanding contribution to space re-
search and exploration, was awarded to the cosmonauts for their 17-day Soyuz 9
mission 2-19 June.

MSFC, Process Engincering Laboatory Neutral Buoyancy Simulator Daily Log, 21
October 1970.

George M. Low (NASA Hq) wrote to E. E. Davis, Jr., Science Advisor to the
President: “To forego Skylab would have a powerful negative impact on astron-
omy and carth resources surveys. It would leave the U.S. without the data base
for any future manned mission decisions. Tt would surrender to the U.S.S.R. the
option of having the first real space station in orbit. It would leave underdeveloped
the desirable precedent of openly shared manned flight program scientific and tech-
nical results, a possibility currently underscored by the discussions in Moscow on
the suggestion that the U.S. and U.S.SR. usc common docking hardware in
their orbital spacecraft.”

Letter, George M. Low, NASA Hgq, to E. E. Davis, Jr., Science Advisor to the Presi-
dent, 30 October 1970

NASA Hq concurred in the transfer of management responsibility from the Apollo
Program to the Skylab Program at KSC for Launcher Umbilical Tower 1, High
Bay 1, Firing Room 3, and Pad B for Skylub 2, 3, and 4 missions. Approval for
the reassignment of Apollo facilities to support the SL- | mission would be accom-
plished in later correspondence.

Letter, R. A, Petrone and W. C. Schneider, NASA Hq, to Manager, Apollo-Skylab
Programs, KSC, “LC- 39 Facility Utilization,” 2 November 1970.
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SL~2 and SL-3 and 102 days bewween SL-3 and SL-4. The schedule called
for an SL-1 launch, 9 Noveiaber 1972; SL-2, 10 November 1972; SL-3, 19
January 1973 ang SL-4, 1 May 1973, The launch intervals would provide
for adequate daylight in the launch abort recovery areas and the normal end-
of-mission recovery zones,

NASA, “Manned Space Flight Weekly Report,” 16 November 1970. “Weekly Prog-

ress and Program Summary for the Administrator~$kylab Program,” |8 November
1970. ;

A Skyiab Program Managers’ meeting was held at the Michoud, Louisiana,
Assembly F acility. Among the items covered were the issue of static firing of the
Saturn IB on Launch Complex 39; modification of the Maurer 16-mm camera
t0 an 8-mm frame size; continued need for experiment requirements documents;
launch intervals ang launch pad access for SL-1; an experiments safety plan;
and manpower levels and work-cost relations.

Letter, William C. Schneider, NASA Hgq, to Dist,, “Skylab Managers Meeting,” 16
November 1970,

An EVA critical design review was held at the Skylab meckup area and the
neutral buoyancy simulator, MSFC. The week-long EVA review included astro-
naut performance under norma Earth gravity in the Saturn Workshop mockup
ard simulated weightlessness in the neutra) buoyancy simulator. Ten astronauts
from MSC took Part in the review activities,

MSFC PAO, Visitors Program Records, 16-19 November 1970; MSFC News Release
70-235, 17 November 1970: MSFC, “Weekly Activity Report for Week Ending 17
November 1970 ; NASA, “Manned Space Flight Weekly Report,” 30 November 1970;
“Weekly Progress and Problem Summary for the Administrator—Skylab Program,”
2 December 1970,

A 90-day manned test Symposium was held at LaRC, Representatives from
NASA, industry, and universities attended. Primary subjects covered during the
Symposium were water Mmanagement, atmosphere purification, atmosphere con-
tamination, atmosphere supply, waste management, food management, crew
selection and training, habitability, behavioral studies, acoustics and lighting,
medical and Physiological aspects, and crew panel discussion,

Letter, E. L. Field, MSFC, to W. K. Simmons, Jr., MSFC, “90-Day Manned Test
Symposium,” 27 November 1970.

A Skylab subsystem review team chaired by C. W. Mathews, NASA Hgq, met at
MSFC. During the meeting, the review team inspected the Skylab mockup area
and simulation facilities in the Astrionics and Manufactaring Engineering Labora-
tories. A number of action jtems were compiled for MSFC resolution,
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Letter, C. W. Mathews to E. F. M. Rees, MSFC, 18 January 1971; MSFC News
Release 70-235, 17 November 1970; “Weekly Progress and Problem Summary for the
Administrator—Skylab Program,” 2 December 1970.

The Skylab MDA flight unit was flown from MSFC to Martin Marietta’s Denver
division where it was to be outfitted with controls and display panels for solar
astronomy and Earth resources experiments, storage “aults for experiment film,
and a thruster attitude control system.

MSFC Project Logistics Office, Flight Operating Log. 18 November 1970; MSFC,
“Weekly Activity Report for Week Ending 2+ November 1970.”

The NASA Education Programs Officc was studying the use of Skylab missions
as a focal point for a substantial national education program. Particular interest
was being expressed in environmental and ecological education, possibly in co-
operation with a new program under the U.S. Office of Education. The educa-
tional activities would include teacher workshops and preparatory courses prior
to the mission, use of rcal-time television during the mission, and post-mission use
of film and other data.

“Weekly Progress and Problem Summary for the Administrator—Skylab Program,”
18 November 1970.

NASA Hq established a flammability, explosion, and toxicity policy for material
selection, control, test, and evaluation on the Skylab Program. Continuous em-
phasis was being given to the importance of the matcrials program and its rela-
tionship to crew safety and mission success.

Skylab Program Directive No. 16A, “Skylab Program Materials Policy,” 19 November
1970.

Saturn V launch vehicle SA-515 was designated as the backup launch vehicle
for Skylab 1. Management responsibilitics for the vehicle would be similar to
those for the primary launch vehicle, SA-513.

TWX, William C. Schneider, NASA Hgq, to R. G. Smith and Leland F. Belew, MSFC,
Kenneth S. Kleinknecht, MSC, and Thomas W. Morgan, KSC, “Backup Saturn v
Launch Vehicle for Skylab,” 23 November 1070: letter, William C. Schneider to
Leland F. Belew, R. G. Smith, Kenneth S. Klcinknecht, and Thomas W. Morgan,
“Amendment #2 to October 13, 1969 Memorandum of Understanding Between the
Apollo and Skylab Program Officcs on Saturn Vcehicle Management Intcrfaces,” 2
December 1970.

A presentation on a proposed Skylab medical experiments chamber study was
made at NASA Hq. Personncl from NASA Hq, MSC, and Ames Research
Center attended. Following the presentation, MSC was authorized to proceed
with the planning and design of a 56-day preflight chamber program to be con-
ducted before Skylab 1 and 2. The program would later become known as
SMEAT (Skylab medical experiment altitude test).
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Technicians at McDonnell Douglas Astronautics, Huntington Beach, prepare the
Skylab Workshop test vehicle for shipment to MSC and MSFC to undergo de-
sign verification tests. The test article was subjected to acoustic, vibration, and
static forces comparable to those that would be encountered during launch and
orbit,

Letters, William C. Schneider, NASA Hgq, to Manager, Skylab Program, MSC, “Sky-
lab Medical Experiments Chamber Study,” 3 December 1970; Christopher C. Kraft,
Jr, MSC, to Director, Skylab Program, NASA Hgq, “Skylab Medical Experiments
Chamber Study,” 11 January 1971; memorandum, Christopher C. Kraft to Dist.,
“Skylab Medical Experiments Chamber Study,” 11 January 1971.

A ground-test version of the Saturn Workshop was shipped from the McDonnell
Douglas facility at Huntington Beach, to the Michoud, Louisiana, Assembly
Facility. It would undergo testing there until 30 December and then would be
shipped to MSC for extensive ground tests. This Workshop was a version of
one that would be used in the Skylab Program to accommodate teams of three
astronauts for stays of up to 56 days in Earth orbit. NASA planned to launch
the Skylab cluster with a Saturn V vehicle in 1972. Called a “dynamic test
article,” the Workshop model would be tested at MSC to verify its bending and
vibration characteristics. The Workshop was scheduled to arrive at Michoud
17 December and at MSC 5 January,

MSFC, “Weekly Activity Report,” 6 and 17 November 1970 and 10 and 24 Decem-
ber 1970; MSC, “Skylab Weekly Activity Report,” 13 November 1970.

A study was underway to determine the advisability of providing the Skylab crews
with fresh foods. The main area of concern centered around the probability of
invalidating medical experiments because of the chemical instability of the fresh
food and the wide variation between the sources of food lots.
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Letters, Kenneth 5. Kleinknecht, MSC, to William C. Schneider, NASA Hag, “Perish-
able foods,” 16 Decer ver 1970 J. W. Humphreys, Jr., NASA Hgq, to Director, Sky-
lab Programs, “Perishiable Foeds,” 8 Janvary 1971,

The payload shroud test article was successfully tested at the Plum Brook Facility
of Lewis Research Center. The purpose of the payload shroud would be to cover
and protect the ATM MD., and top portion of the AM as Skylab was launched
into an Earth orbit.

MSFC, “Weekly Activity Report,” 24 December 1970; NASA News Release 70-214,
«12.Ton Nose Cone To Be Tested,” 21 December 1970; “Weekly Progress and Prob-
lem Summary for the Administrator—Skylab Program,” 5 January 1971.

An assessment of the feasibility of providing a crew rescue capability for Skylab
was conducte.! hy Koo, MSG, and MSFC during 1970. The study culminated
:a a NASA Hgq decision to provide a limited rescue capability should return
capability fail while the CSM were docked to the OWS. The rescue vehicle for
the first two manned Skylab missions would be the next CSM in flow at KSC.
Should a rescue call occur, the CSM next in flow would be modified so as to
permit a five-man carrying capacity. It would be launched with a two-man
crew and return with the additional threc astronauts.

TWXs, William C. Schneider, NASA Hag, to Leland F. Belew, MSFC, Kenncth S.
Kleinknecht, MSC, and Thomas W. Morgan, KSC, *“Skylab Rescue,” 24 September
1970; William C. Schneider to Leland F. Belew, R. G. Smith, Kenneth S. Klein-
knecht, and Thomas W. Morgan, “Skylab Rescue Study,” 24 December 1970; memo-
randum, William C. Schneider to M. F. Sedlazek, NASA Haq, “Skylab Rescue Study,”
22 December 1970; memorandum for record, M. F. Sedlazek, «“Meeting—Skylab
Rescue,” 24 December 1970 letters, William C. Schncider to Manager, Skylab Pro-
gram, MSC, “Study of Rescue Capahility for Skylab,” 17 April 1970; William C.
Schneider to Managers, Skylab Program, MSFC, MSC, and KSC, “Skylab Rescue
Study,” 6 January 1970; William C. Schneider to Director, NASA Safety Program,
“Input to Semi-Annual Report on MSF Safety Studies and Activities for Congressman
Teague,” 2 October 1970; KSC, “Weekly Progress Reports,” 4 November 1970 and 2
December 1970; “Weekly Progress and Problem Summary for the Administrator—Sky-
lab Program,” 5 January 1971: North American Rockwell Studies, SD70-263, “Skylab
Rescue Vehicle/Third CSM for Skylab B, July 1970; AP70 12, “Skylab Rescue,”
Scptember 1970; sD.-70-263-1, «Addendum to Skylab Rescue Mission,” November
1970; MSC Skylab Rescue Study, 25 November 1970.

The Orbital Workshop dynamic test article arrived at the Clear Lake Creck
Basin adjacent to MSC aboard the barge Orion. It was offloaded on 7 January
and moved to the MSG acoustic test facility where it was set up for vibroacoustic
testing scheduled to start on 20 January. The acoustic test facility had been
checked out previously, and the acoustic environments generated met simulated
conditions surrounding the Skylab during Skylab 1 liftoff and Skylab 1 maximum
gravity.
“Skylab Program Test Weckly . tivity Reports,” 6 January 1971 and 13 January

1971; MSFGC, “Weekly Activity 1 ports,” 14 January 1971, 22 January 1971, and 27
January 19715 “Weckly Progress and Program Summary Report for the Administrator
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~—Skylab Prograin,” | February 1971; NASA, “Manned Space Flight Weekly Activity
Report,” | February 197].

MSC-MSFC Inter-Center Agreement, Kenneth S, Kleinknecht, MSC, and Lelang F.
Belew, MSFcC, “Operationg Policy for Checkout of Skylab Experiments at Module
Contractors,” 7 January 197].

to measure respiration rate, heart rate, body temperature, and electrocardiogram.
No significant Problems were revealeq in the review. A critical design review
was scheduled for mid-March.

“Weekly Progress and Problem Summary for the Administrator-Skylab Program,”
27 January 1971,

Policy on the Management of experiment Tesources was elaborated on by NASA
Hq. Emphasis was that the rea] contribution to experiment management would
come from carefy] Planning and analysis and the attentive day-to-day manage-
ment of experiments by the responsible Centers.

Letter, William C. Schneider, NASA Haq, to Managers, Skylab Program, MSFg and
MSC, and Manager, Apollo-Sky]ab Programs, KsC, “Management of Experiment
Resources,” 14 January 197].

A group of potential Skvlab crew members was taking a course in solar physics
designed to provide a background for operating the Apollo telescope 1 int. The
course was divided into CXtensive reviews of the introduction of solar Phenoraena,
the quiet Sun, the active Sun, and ffares and explosive phenomena, Studies of
the Sun in rea] time were made using closed circyjt TV to bring pictures from
MSC’s solar telescope to (he classroom,

MSC News Release 71-01, 15 January 197;,

NASA Tequested proposals from potential U.S, and foreign experimenters for
investigations of data to be acquired fron, the Farth resources experiment package
to fly on the manned Skylab spacecraft i late 1972, Data would be used jn
assessing the value and direct applications of space observations in agriculture,
geography, forestry, geology, hydrology, oceanography, and Cartography., Qb.
jectives of EREP were to extend use of Sensors; use man to observe, discriminatc,
and select study arcas; and provide an carly source of unique research data for
analysis,
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NASA News Release 71-5, 19 January 1971.

A meeting at MSC revicwed Skylab fire extinguisher requirements. Representa-
tives from MSC, MSFC, and NASA Hgq attended. MSFC described the physical
distribution of flammable materials within the OWS, AM, and MDA. MSC
and MSFC representatives agreed to a joint tour of module contractor facilities,
beginning 22 January, to review the location of flammable items. Recommenda-
tions would be developed from these reviews for the number and locations of
fire extinguishers required for Skylab.

“Weekly Progress and Problem Summary for the Administrator—Skylab Program,”
27 January 1971.

NASA Hq issued a directive which established, for the Skylab Program, the
Headquarters-to-Center relaticnship in the area of configuration management,
as well as pertinent configuration control board (CCB) controls and reporting
requirements.

Oven work at KSC, associated with hardware and software delivered to KSC,
would be kept to a minimum. All hardware and software, including changes
approved for incorporation, would be completed in the contractors’ plants before
delivery unless specific approval to the contrary was granted to the responsible
Center. The concurrence of the KSC Skylab Program Manager would be re-
quired in all such actions.

Skylab Program Directive No. 34, “Skylab Program CCB Controls and Reporting
Requirements,” 19 January 1971.

The solar array system critical design review was held at TRW. Significant dis-
cussion concerned

e Failure of individual cells due to shadowing by attitude changes; howevcs,
possible solar array degradation appeared to be within acceptable limits.

e Soldering inspection techniques which would be tightcned to conform to
NASA specifications.

¢ Use of the deployment spring material (titanium); TRW would furnish
MSFC additional details on its use.

“Weekly Progress and Problem Summary for the Administrator—Skylab Program,” 1
February 1971; MSFC, “Wcekly Activity Report,” 8 February 1971,

MSFC reviewed options for obtaining television surveillance of EVA and the
exterior of the Skylab for scientific and operational purposes. These included TV
camera cable dragout from the AM TV input station through the EVA hatch;
externally mounted TV input stations and mounts requiring an astronaut to
connect the camera cable to the stations; and o TV camera mounted on the
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experiment T027/S073 (ATM contamination measurement) photometer ex-
tension mechanism. Of the thrce, MSFC favored the T027/5073 concept.

TWX, Leland F. Belew, MSFC, to William C. Schneider, NASA Hgq, Kenneth S.
Kleinknecht, MSC, and Thomas W. Morgan, KSC, “Addition of External TV to the
Skylab Program’s Basic TV Capability,” 20 January 1971.

Status of the Orbital Workshop potable water system design and development
testing was the subject of a mecting at McDonnell Douglas, Huntington Beach.
Completed tests failed to indicate cither the presence or absence of any system
problems such as corrosion, rapid iodine depletion, and high ionic content.
McDonneil Douglas was unable to dctermine the expected ionic levels for vari-
ous metallics developed in an ion-exchange bed to remove undesirable metallic ions.

MSC, “Skylab Office Weekly Activity Report,” 29 January 1971.

An MSC-MSFC Skylab mission data-interface agreement describing the division
of responsibilities, mutual support, and interface procedures established between
MSFC and MSC in the exccution of their mission data handling tasks was ap-
proved by Christopher C. Kraft, Jr., for MSC, and Eberhard F. M. Rees, for
MSFC.

MSCM 8010, Program Management Guide, 25 January 1971.

An ATM experiments Principal Investigator meeting was held at Boulder, Colo-
rado. It was designed to cnsure total agreement on experiment objectives, de-
velopment, opcrations, and data analysis, as well as to ensure that crew and
mission opcrations requirements would be met. Representatives of MSFC, MSC,
and Martin Marictta attended the meeting. The scientists who proposed the six
solar astronomy experiments also attended the meeting. An update of the pro-
posed Martin Marietta facilitics designed to support Skylab was presented. The
solar data from ground obscrvatories needed to support mission operations were
described by National Oceanic and Atmospheric Administration personnel, and
their recommendations were agreed to, with the stipulation that additional data
were needed. The ATM film study identified some problem areas to be resolved,
such as temperature control and radiation protection for film,

“Minutes of ATM PI Exccutive Mecting,” 26-27 January 1971; MSC, “Skylab Pro-
gram Office Weekly Activity Report,” 5 February 1971.

KSC awarded a contract to The Boeing Company for the reactivation, operation,
and maintenance of Launch Complex 39 launch support equipment in support
of Skylab.

KSC Scheduling and Review Procedure, 3 February 1971.
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A Skylab trainer review was held with represcntatives from MSC, MSFC, and
the contractors to review the trainer module status and delivery schedules, the
trainer configuration management progranm, and the contents of the trainer turn~
over data packages. Due to the slip in the Skylab launch dat: into 1973, all
module trainer delivery dates were being reassessed. (See 13 April 1971 entry.)

MSFC, “Weekly Activity Report,” 12 February 1971.

During recent OWS progressive crew station reviews, concern had been ex-
pressed about a trash airlock failure, contingency trash disposal methods, and the
possibility of repairing a failed airlock. In an effort to alleviate the concern, the
MSC Systems Safety Office made an analysis of the problem. As a result of the
study, the Systems Safety Office recommended that the following be considered
for adoption within the mission rules for Skylab:

« Provide detailed contingency provisions and procedures for suitable dis-
position of perishable items within the OWS, to allow mission continuation.

« Familiarize crews with trash airlock repair instructions.

+ Provide flight-qualified, nonflamraable, gas-tight, trash stowage bags and
a suitable biocide to be used for in-house trash storage if the trash airlock failed.

e Provide contingency procedures for external OWS stowage of trash dur-
ing scheduled extravehicular activities.

¢ Do not redesign the present trash airlock system unless testing shows
deficiency or identifies additional single failure points previously undefined.

Memorandum, M. L. Raines, MSC, to Manager, Skylab Program Office, MSC, “Sys-
tem Safety Analysis of the Orbital Workshop trash disposal airlock,” 24 February
1971; study, K. W. Irwin, Boeing, “Systemn Safety Analyses of the Orbital Workshop
Trash Disposal Airlock,” 2 February 1971.

Martin Marictta’s biomedical storage cabinet design was reviewed to establish
acceptable constraints for use of molded polyurethane foam in storage drawers.
The drawers were found to be insufficiently tight when closed, creating a potential
hazard by allowing an unlimited oxygen supply should the foam be ignited. It
was also suggested that free foam particles would be created by storage container
use because of shape cutouts in the foam. Investigation of nonflammable cor-
rugated cardboard as an alternative to the foam was progressing.

MSC, “Skylab Program Office Weekly Activity Report,” 5 February 1971,

An MSFC/KSC in